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A Comparison  of  Levels  and  Dimensions  of  Performance 
in  Black  and  White  Groups  on  Tests  of 
Vocabulary,  Mathematics,  and  Spatial  Ability 


An  important  current  concern  of  users  of  ability  tests  in  practical  appli- 
cations is  the  general  trend  for  some  minority  groups  to  obtain  significantly 
lower  scores  on  such  tests.  For  example,  in  a summary  of  the  individual  and 
group  tests  reported  in  the  literature  for  urban  children  in  the  North  and 
South,  Shuey  (1958)  noted  that  the  average  IQ  scores  for  Black  and  White  adults 
tested  during  both  world  wars  have  consistently  differed  by  10  to  20  points 
and  that  typically,  less  than  25%  of  the  Black  group  has  scored  above  the 
median  for  Whites. 

The  presence  of  Black-White  differences  on  ability  tests  seems  to  be 
well  documented  (see  also  Baughman  & Dahlstrom,  1968;  Jensen,  1973;  Kennedy, 

Van  de  Riet,  & White,  1963;  Loehlin,  Lindzey,  & Spuhler,  1975;  Terman  & 

Merrill,  1960).  The  question  which  most  recent  research  has  tried  to  answer 
is.  What  is  the  cause  or  nature  of  these  differences?  One  possibility  which 
has  been  considered  is  that  the  tests  being  used  for  such  applications  as  edu- 
cational and  industrial  selection  do  not  measure  the  same  variables  for  the 
different  groups.  Thus,  for  example,  there  may  be  subsets  of  items  or  underly- 
ing factors  of  performancewhich  are  different  for  Blacks  and  Whites. 

Depending  on  the  nature  of  such  differences,  a cultural  bias  may  or  may  not 
be  reflected  in  the  test  or  in  certain  items  in  the  test. 

An  approach  that  has  been  used  to  investigate  this  question  is  the 
examination  of  the  relative  difficulties  of  items  for  different  groups,  under 
the  assumption  that  even  if  mean  differences  in  total  test  performance  exist, 
the  relative  difficulties  of  the  items  should  be  the  same  in  the  different 
groups.  This  approach  is  usually  operationalized  by  using  an  analysis  of 
variance  to  look  for  significant  item-by-race  interactions  where  the  difficulty 
of  the  items  is  indexed  by  proportion-correct  score  (Cardall  & Coffman,  1964; 
Cleary  & Hilton,  1968).  Because  the  proportion-correct  score  can  range  only 
from  0 to  1,  differences  between  two  groups  may  become  truncated  as  the 
average  proportion-correct  score  of  the  groups  approaches  0 or  1.  To  avoid 
this  problem,  item-by-group  interaction  studies  have  sometimes  converted 
proportion-correct  indices  to  normal  deviates  or  to  the  delta  index  (Angoff  & 
Ford,  1971;  Breland,  Stocking,  Pir.chak,  & Abrams,  1974;  Gitlitz  & Kaufman,  1972). 

Angoff  and  Ford  (1971)  have  developed  an  elliptical  graphing  technique 
using  the  delta  transformations  for  testing  the  significance  of  item-by-group 
interactions  which  has  been  applied  to  data  from  the  National  Longitudinal  Study 
of  the  Class  of  1972  by  Breland  et  al.  (1974).  This  study  not  only  identified 
items  which  had  significant  interactions  with  race  but  attempted  to  interpret 
the  nature  of  possible  bias  in  the  items.  Breland  et  al.  found,  for  example, 
that  the  most  biased  items  were  those  reflecting  linguistic  differences, 
primarily  between  Spanish-speaking  groups  and  others.  Mathematics  items  were 
found  to  be  easier  or  more  difficult  for  minorities,  depending  on  how  much  they 
reflected  "street  sense,"  e.g.,  items  dealing  with  money.  Other  attempts  to 
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identify  and  interpret  item-by-group  effects  include  comparing  the  rank  orders 
of  item  difficulties  between  groups  and  examining  the  frequency  with  which 
groups  choose  specific  multiple-choice  distractors  in  order  to  gain  insight 
into  how  the  items  operate  differently  in  the  various  groups  (e.g.,  Bartlett, 
Newbrough,  & Tulkin,  1972:  Jensen,  1974). 

All  these  methods  are,  in  fact,  attempts  to  show  that  the  test  as  a whole 
or  certain  items  within  it  operate  differently  for  different  groups  (i.e. , 
measure  different  dimensions  of  performance).  Perhaps  the  most  direct  way, 
then,  to  determine  whether  or  not  this  is  the  case  is  to  factor  analyze  the 
item  intercorrelation  matrix  for  each  group  separately  and  to  examine  directly 
the  number  and  nature  of  dimensions  underlying  test  performance.  If  different 
groups  require  a different  number  of  factors  to  explain  test  variance  or  if  the 
patterns  of  item  loadings  suggest  that  the  nature  of  the  underlying  factors  in 
the  groups  is  different,  these  results  could  be  interpreted  as  evidence  that 
the  test  emphasizes  different  dimensions  of  performance  in  different  groups. 

In  general,  studies  which  have  looked  at  comparative  factor  structures 
in  this  way  (Flaugher  & Rick,  1972;  Humphreys  & Taber,  1973;  Johnson,  1969; 
Lesser,  Fifer,  & Clark,  1965;  Stodolsky  & Lesser,  1967)  have  concluded  that 
most  ability  tests  measure  essentially  the  same  underlying  dimensions  in  all 
groups.  However,  the  patterns  of  ability  levels  on  these  dimensions  do 
appear  to  vary  from  group  to  group.  To  the  extent  that  a given  test  emphasizes 
particular  dimensions  of  performance,  these  results  suggest  that  some  groups 
can  be  expected  to  be  at  a disadvantage  in  terms  of  their  test  scores. 

To  investigate  a test  in  a thorough  manner  to  see  if  the  test  or  certain 
items  within  it  measure  different  dimensions  of  performance  for  different  groups, 
some  method  of  assessing  item-by-group  interaction  should  be  combined  with 
an  examination  of  the  comparative  factor  structures  of  the  test.  Although  a 
factor  analysis  of  test  items  seems  the  most  direct  way  to  investigate 
differential  underlying  dimensions  for  different  groups,  there  may  be  items  in 
the  test  that  function  differently  for  different  groups  which  should  be 
identified  and  perhaps  eliminated  from  the  test  but  which  are  not  numerous 
enough  to  define  an  important  factor.  Thus,  the  factor  analytic  approach 
should  be  supplemented  by  some  method  for  studying  item-by-group  interaction. 

Analysis  of  variance  methods  for  identifying  item-by-group  interactions 
are  direct  ways  of  isolating  specific  items  which  operate  differently  in 
different  groups,  but  there  are  problems  with  these  procedures.  For  example, 
such  an  interaction  model  is  not  capable  of  detecting  biased  items  in  those 
cases  in  which  all  (or  most)  of  the  test  items  have  roughly  the  same  degree 
of  bias.  Secondly,  the  method  provides  no  objective  way  of  determining  whether 
items  isolated  by  such  methods  operate  differently  in  different  groups  for  the 
same  reason  or  for  reasons  specific  to  each  item.  Use  of  an  item-by-group 
interaction  method  in  conjunction  with  a factor  analysis  allows  examination 
of  the  loadings  of  the  items  identified  to  determine  whether  or  not  they 
define  a consistent  spurious  dimension.  Combined  with  an  examination  of  item 
content,  these  analyses  can  lend  extra  confidence  to  interpretations  of  why  the 
items  behave  differently  for  the  different  groups. 

This  report  is  concerned  with  (1)  the  nature  and  extent  of  test  performance 
differences  between  Blacks  and  Whites  on  three  kinds  of  ability  tests  and 
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variables  related  to  those  differences;  (2)  the  use  of  factor  analysis  to 
compare  the  structures  of  tests  for  Blacks  and  Whites;  (3)  the  use  of  an  index 
of  item-by-group  interaction  derived  from  the  parameters  of  Item  Characteristic 
Curve  (ICC)  theory  (Lord  & Novick,  1968)  to  detect  possibly  biased  items. 

These  studies  are  preliminary  to  later  studies  evaluating  the  use  of  computer- 
ized adaptive  testing  techniques  and  indices  of  item  bias  to  reduce  differences 
in  levels  and  dimensions  of  ability  test  performance  for  different  groups. 


METHOD 

Tests 


Three  tests  were  constructed  to  measure  vocabulary,  mathematics,  and 
spatial  abilities.  All  three  tests  consisted  of  a number  of  five-alternative 
multiple-choice  items  printed  in  a conventional  test  booklet  format. 

Vocabulary  Test 

The  vocabulary  test  consisted  of  127  items  drawn  from  several  sources. 
Sixty-five  items  were  drawn  from  the  Black  literature  sources  listed  in  Appendix 
Table  A-l;  eight  additional  items  were  developed  specifically  for  this  test  using 
"Black-type"  words  provided  by  a Black  clinical  psychologist.  Although  words 
were  drawn  from  all  sources  listed  in  Appendix  Table  A-l,  only  those  words 
drawn  from  the  Dictionary  of  Afro-American  Slang  and  those  provided  by 
the  Black  clinical  psychologist  were  clearly  distinguishable  as  "Black-type" 
words.  Consequently,  where  performance  comparisons  were  made  for  racial  groups 
on  "Black-type"  words  versus  "non-Black-type"  words,  only  the  32  words  from 
these  two  sources  were  used.  Stems  for  17  items  were  drawn  fron  Webster’s 
Seventh  New  Collegiate  Dictionary  and  represented  words  which  were  assumed 
to  be  more  familiar  to  Whites.  Thus,  there  were  approximately  twice  as  many 
words  in  the  test  written  specifically  for  Blacks  as  words  written  specifically 
for  Whites.  The  remaining  items  came  from  already  existing  items  in  the 
University  of  Minnesota  Psychometric  Methods  adaptive  testing  item  pool 
(McBride  & Weiss,  1974)  and  from  items  provided  by  Educational  Testing  Service. 
These  items  are  typical  of  vocabulary  items  administered  in  standardized  tests, 
such  as  the  Scholastic  Aptitude  Test.  Examples  of  items  from  all  these  sources 
are  shown  in  Appendix  Table  A-2. 

Mathematics  Test 


The  mathematics  test  consisted  of  25  multiple-choice  items  involving 
application  of  basic  arithmetic  operations  (singly  or  in  combination),  simple 
unit  conversions,  and  "story"  problems  involving  quantitative  reasoning.  All 
items  were  selected  from  a locally  developed  experimental  item  pool  and  were 
similar  to  items  in  the  mathematics  subtest  of  the  General  Aptitude  Test  Battery 
(GATB) . Sample  items  are  contained  in  Appendix  Table  A-3. 


The  spatial  test  consisted  of  30  items  which  required  the  subject  to 
visualize  which  of  4 three-dimensional  solids  would  result  from  "folding"  the 
one-dimensional  pattern  in  the  stem.  Similar  to  the  mathematics  items,  items 


j. 


were  selected  from  a locally  developed  pool  and  were  similar  to  items  in  the 
spatial  subtest  of  the  GATB.  Appendix  Figure  B-l  contains  some  sample  spatial 
items . 


Procedure 


The  vocabulary,  mathematics,  and  spatial  tests  were  given  in  two  adminis- 
trations to  students  at  two  racially  mixed  high  schools  in  Minneapolis.  The 
vocabulary  test  was  given  during  the  first  testing,  and  the  mathematics  and 
spatial  tests  were  combined  into  one  booklet  for  the  second  administration. 

There  was  one  day  between  administration  of  the  vocabulary  test  and  the 
mathematics  and  spatial  tests  in  both  schools.  The  testees  were  10th  through 
12th  grade  students  at  one  school  and  9th  grade  students  at  the  other.  The 
vocabulary  test  was  given  to  a total  of  285  students,  including  92  Blacks,  173 
Whites,  4 Latin  Americans,  4 Native  Americans,  and  12  for  whom  no  ethnic 
information  was  reported.  Half  the  vocabulary  test  booklets  contained  the 
pages  in  reverse  order  so  that  data  would  be  obtained  on  all  items  in  case  a 
large  number  of  students  were  not  able  to  complete  the  test.  It  was  found 
that  all  students  were  able  to  complete  the  tests  in  the  time  allotted. 

The  mathematics  and  spatial  tests  were  completed  by  300  students,  including 
86  Blacks,  183  Whites,  2 Latin  Americans,  7 Spanish  Americans,  and  22  who  did 
not  provide  information  on  ethnic  background.  A total  of  161  students  were 
present  at  both  test  administrations  at  their  respective  schools  so  that  scores 
for  all  three  tests  were  available  for  this  subset  of  the  total  group.  In 
addition  to  the  tests,  all  students  completed  a biographical  questionnaire  at 
each  testing  session  providing  information  on  their  sex,  race,  and  the  highest 
educational  level  obtained  by  their  mothers  and  fathers.  A copy  of  this 
biographical  form  appears  in  Appendix  Figure  B-2. 

Total  testing  time  allowed  for  the  127-item  vocabulary  test  was  60  minutes, 
and  60  minutes  were  also  allotted  for  the  combined  mathematics  and  spatial 
tests  of  25  and  30  items,  respectively.  At  one  school  both  test  administrations 
were  proctored  by  six  teachers  under  the  supervision  of  the  chief  counselor  and 
a mathematics  teacher.  At  the  other  school  the  chief  counselor,  two  teachers, 
and  two  psychology  research  assistants  served  as  proctors.  An  identical  set 
of  test  instructions  was  used  and  read  at  all  test  administrations. 


Data  Analysis 


Mean  Differences 

The  effects  of  race,  parents'  educational  level,  and  sex  on  test  scores 
were  analyzed  separately  for  each  of  the  three  tests  using  a three-way  analysis 
of  variance.  Because  cell  frequencies  in  the  three-way  crossed  classification 
were  neither  exactly  equal  nor  proportional,  analysis  of  variance  computational 
procedures  which  account  for  nonorthogonal  main  effects  and  nonorthogonality 
between  main  and  interaction  effects  were  used.  Computations  were  based  on 
the  "classic  experimental"  approach  described  by  Nie,  Hull,  Jenkins,  Stein- 
brenner,  and  Bent  (1975,  pp.  405-408). 

An  initial  descriptive  index  of  the  educational  level  for  each  parent  was 
obtained  by  assigning  a number  from  1 to  6 to  each  of  the  six  educational 
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response  categories  in  the  biographical  questionnaire  as  follows:  1 = not 
applicable,  2 = did  not  complete  high  school,  3 = finished  high  school,  4 = 
some  college  or  other  post-high  school,  r'  = finished  college,  6 = attended 
graduate  or  professional  school.  Using  these  numerical  values,  mean  educational 
level  for  fathers  and  mothers  of  both  racial  groups  was  then  computed  for 
those  students  who  reported  Categories  2 through  6.  The  frequency  of  responses 
to  each  educational  category  for  both  the  vocabulary  and  mathematics/spatial 
administrations  is  shown  in  Appendix  Table  A-4.  Responses  for  students  who  scored 
below  chance  levels  (see  below)  were  not  included  in  these  frequencies. 

In  order  to  obtain  a single  index  of  parental  education  for  each  student, 
the  higher  of  the  two  reported  educational  levels  for  father  and  mother  was  used. 
Since  the  sample  sizes  at  some  educational  levels  were  rather  small  for  analysis 
of  variance  purposes,  this  single  index  of  parental  education  was  then  collapsed 
into  three  groups,  depending  on  whether  the  higher  educated  parent  (1)  did  not 
complete  high  school,  (2)  did  complete  high  school  or  the  equivalent,  or 
(3)  had  at  least  some  college  or  additional  schooling  after  high  school.  This 
latter  group  also  included  those  families  in  which  one  or  more  parents  had 
actually  completed  college  or  had  attended  graduate  or  professional  school. 

In  assigning  students  to  educational  levels,  it  was  assumed  that  those  who 
did  not  respond  to  the  question  about  father's  or  mother's  education  or 
answered  "not  applicable"  did  not  have  either  a father  or  a mother,  or  both, 
living  in  the  home.  Twenty-four  students  did  not  provide  parents'  educational 
level  for  the  vocabulary  test  analysis,  and  48  students  did  not  provide  this 
information  for  the  mathematics  and  spatial  tests.  Assuming  that  parental 
environment  affects  ability  test  scores,  it  is  reasonable  to  include  these 
students  in  the  lowest  educational  level  for  the  analysis.  To  the  extent 
that  test  scores  of  these  students  averaged  lower  than  the  other  students 
included  in  the  lowest  educational  level  (those  reporting  some  high  school  but 
no  diploma),  the  effects  of  parents'  educational  level  on  scores  will  be 
somewhat  overestimated  if  those  not  providing  parents'  educational  information 
did  in  fact  have  parents  with  a high  school  diploma  or  some  post-high  school 
education  or  training. 

For  each  test  separately,  scores  below  the  chance  level  (defined  as  the 
number  of  items  in  the  test  divided  by  the  number  of  response  alternatives  for 
each  item)  were  not  included  in  the  calculations.  The  original  265  vocabulary 
scores  included  6 such  chance  scores  for  Whites  and  2 for  Blacks  which  could  be 
obtained  on  the  basis  of  guessing  alone;  5 Blacks  and  3 Whites  were  eliminated 
from  the  mathematics  and  spatial  test  analyses  for  this  reason.  Other  students 
eliminated  from  the  analyses  were  those  who  did  not  provide  racial  information 
or  were  either  Native  American  or  Latin  American. 

Factor  Composition 

For  each  of  the  tests,  an  item  intercorrelation  matrix  of  phi  coefficients 
was  obtained  for  both  of  the  racial  groups.  All  items  were  included  in  the 
factor  analyses  for  the  mathematics  and  spatial  subtests;  due  to  computer 
limitations,  however,  75  randomly  selected  items  were  used  in  the  factor  analysis 
of  the  vocabulary  items.  Although  there  have  been  arguments  in  favor  of  using 
tetrachoric  correlations  in  such  factor  analyses  because  phi  coefficients  are 
more  likely  to  result  in  "difficulty"  factors  (Lord  & Novick,  1968,  p.  382), 
Lumsden  (1976)  concluded  that  normally  it  should  not  be  necessary  to  use 
tetrachorics . He  cited  a study  by  McDonald  and  Ahlawat  (1974)  which 
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demonstrated  that  difficulty  factors  will  not  arise  with  phi  coefficients  if 
the  regressions  of  the  items  on  the  latent  trait  are  linear  and  that  diffi- 
culty factors  will  be  negligible  unless  the  item  difficulties  are  widely 
different  or  the  item  discriminations  are  high.  McDonald  and  Ahlawat  concluded 
that  the  widely  held  belief  that  spurious  factors  occur  when  phi  coefficients 
are  "attenuated"  due  to  unequal  difficulties  is  false. 

For  each  test  within  both  the  Black  and  White  groups,  a principal  axis 
solution  was  obtained,  and  the  important  factors  were  rotated  by  the  varimax 
procedure.  The  number  of  factors  extracted  and  rotated  in  each  case,  and  the 
final  number  of  rotated  factors  scored  for  each  test,  were  determined  through 
the  following  process: 

1.  For  each  principal  axis  solution,  a parallel  analysis  (Humphreys  & 
Ilgen,  1969)  of  random  correlation  matrices  with  the  same  number  of 
subjects  and  items  was  conducted,  and  the  eigenvalues  of  the  real 
data  solution  were  compared  to  those  of  the  random  factor  solution. 

Real  data  factors  with  eigenvalues  greater  than  the  corresponding 
random  factors  were  tentatively  considered  to  be  meaningful. 

2.  When  the  parallel  analysis  procedure  did  not  give  a clear  indication 
of  the  number  of  factors  to  retain,  the  rotated  eigenvalues  and  the 
loadings  of  items  on  each  factor  were  examined  to  determine  which 
number  of  factors  better  explained  the  data. 

3.  In  all  cases,  rotated  factor  solutions  were  obtained  for  one  or  two 
factors  above  and  below  the  final  factor  solution  to  determine  whether 
the  rotated  eigenvalues  and  item  factor  loadings  were  relatively 
stable  and/or  whether  more  or  fewer  factors  would  provide  a better 
final  solution. 

Bj-ic.  Angles-' s 

One  purpose  of  this  research  was  to  develop  a calibrated  pool  of  vocabulary 
test  items  to  be  used  in  later  research  on  the  reduction  of  test  bias  by 
computerized  adaptive  testing  methods.  Because  vocabulary  tests  have  generally 
been  shown  to  be  relatively  unidimensional,  this  analysis  was  confined  to  the 
vocabulary  items;  the  assumption  of  unidimensionality  was,  of  course,  tested 
by  the  factor  analysis  of  these  items.  Estimates  of  the  discrimination  (a), 
difficulty  (b) , and  guessing  (c)  parameters  of  Item  Characteristic  Curve  (ICC) 
theory  (Lord  & Novick,  1968)  were  obtained  using  a computer  program  which 
implements  the  shortcut  estimation  procedure  described  by  Jensema  (1976). 

This  procedure  involves  fixing  a value  of  the  guessing  parameter  (c) , which  is 
used  along  with  the  dichotomous  item  responses  to  obtain  estimates  of  the 
discrimination  and  difficulty  parameters.  The  method  has  been  shown  to  be 
comparable  to  iterative  methods  such  as  Urry's  ESTEM  when  the  sample  sizes  are 
not  large  (Jensema,  1976),  as  was  the  case  in  this  study. 

Iter  bias  index.  ICC  parameters  were  obtained  for  the  vocabulary  items 
using  the  total  combined  group  and  the  Black  and  White  groups  separately.  An 
index  of  item  bias  for  the  vocabulary  items  was  obtained  by  computing  the 
difference  between  the  difficulty  parameters  for  the  Black  and  White  groups. 

This  index  is  similar  to  comparing  the  proportion  correct  for  an  item  for  two 


groups,  except  that  the  proportion-correct  index  of  difficulty  used  in 
classical  test  theory  is  confounded  by  level  of  discrimination  and  guessing 
effects  (Lord  & Novick,  1968;  Urry,  1974). 

Variance  Overlap  Analysis 

A relevant  question  with  regard  to  the  study  of  race  differences  in 
ability  tests  is  whether  different  kinds  of  abilities  are  related  to  each 
other  in  the  same  ways  within  different  racial  groups.  Thus,  scores  on  the 
three  subtests  were  intercorrelated  for  the  two  racial  groups. 

Multivariate  redundancy  analysis  was  used  to  further  investigate  this 
question.  For  each  test  within  each  racial  group,  factor  scores  were  obtained 
for  the  rotated  factors  resulting  from  the  factor  analyses  within  the  groups 
for  each  test.  The  redundancies  of  one  set  of  test  factors  on  another  were 
estimated  using  multiple  regression  of  the  factor  scores  as  described  by 
Stewart  and  Love  (1968)  and  Weiss  (1972).  These  redundancies  provide  summary 
information  on  the  variance  overlap  between  factors  in  pairs  of  tests. 

RESULTS 

Mean  Differences 

Parents’  educational  level.  Table  1 shows  the  mean  and  standard  deviation 
of  the  reported  highest  educational  level  achieved  by  each  student's  mother  and 
father  for  those  students  providing  this  information.  The  data  are  shown 
separately  for  the  group  completing  the  vocabulary  test  and  the  group  completing 
the  mathematics  and  spatial  tests.  Table  1 also  shows  the  mean  and  standard 
deviation  of  the  composite  parental  education  index  used  in  the  analysis  of 
variance. 


Table  1 

Parents'  Highest  Educational  Level  by  Racial  Group 
— 

Blacks  Whites 


Test  and  Parent  N Mean  S.D.  N Mean  S.D. 


Vocabulary  Test 
Father 

63 

3.39 

1.17 

150 

3.16 

1.10 

Mother 

73 

3.60 

1.18 

160 

3.17 

.93 

Composite 

Index 

90 

2.17 

.86 

167 

2.20 

.69 

Mathematics 

Father 

and  Spatial  Tests 

50  3.26 

1.03 

152 

3.11 

1.08 

Mother 

52 

3.46 

1.11 

161 

3.06 

.78 

Composite 

Index 

81 

1.94 

.87 

180 

2.05 

.68 

For  both  the  group  completing  the  vocabulary  test  and  the  group  completing 
the  mathematics  and  spatial  tests,  the  mean  difference  between  mothers'  educa- 
tional level  for  Blacks  and  Whites  was  statistically  significant  (p  < .005); 
mothers  of  Black  students  were  reported  to  have  higher  educational  levels  than 
mothers  of  White  students.  Although  Blacks  reported  somewhat  higher  fathers' 
educational  levels  than  Whites,  the  mean  difference  was  not  statistically 
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significant.  When  the  highest  level  of  education  attained  by  either  parent 
was  used  as  a composite  parental  education  index,  there  was  no  significant 
difference  between  Blacks  and  Whites.  The  composite  index  was  slightly  lower 
for  Blacks  than  for  Whites  in  Table  1 because  there  were  more  Black  students 
who  did  not  report  parents'  educational  levels.  As  described  earlier,  these 
students  were  assumed  not  to  have  the  parent  in  question  living  in  the  home  and 
were  included  in  the  lowest  category  for  the  composite  educational  index  and 
analysis  of  variance.  Thus,  while  Blacks  reporting  parental  educational  levels 
reported  slightly  higher  levels,  the  larger  number  of  Blacks  not  reporting  this 
information  resulted  in  the  mean  "parental  contribution  to  the  educational 
environment  of  the  home"  being  about  the  same  for  the  two  groups. 


Table  2 


Means  and  Standard  Deviations  of  Vocabulary  Test  Scores  for  all  Combinations 
of  Race , Parents ' Educational  Level,  and  Sex,  and  Results  of  the  Three-Way  AN07A 


Group 

Blacks 

Racial 

Group 

Whites 

Combined 
Racial  Groups 

N 

Mean 

S.D. 

N 

Mean 

S.D. 

N 

Mean 

S.D. 

Some  High  School 

Male 

10 

52.40 

15.31 

15 

57.07 

17.44 

25 

55.20 

16.45 

Female 

17 

54.35 

15.52 

11 

53.63 

10.00 

28 

54.07 

13.41 

High  School  Diploma 

Male 

14 

54.29 

13.37 

44 

55.16 

16.24 

58 

54.95 

15.49 

Female 

7 

55.00 

13.00 

37 

66.40 

14.49 

44 

64.59 

14.74 

Some  Post-High  School 

Male 

20 

51.05 

14.68 

27 

69.74 

17.20 

47 

61.79 

18.53 

Female 

22 

64.41 

11.01 

33 

62.67 

19.01 

55 

63.36 

16.19 

Combined  Groups 

Male 

44 

52.39 

14.15 

86 

60.07 

17.83 

130 

57.47 

17.01 

Female 

46 

59.26 

13.77 

81 

63.15 

16.40 

127 

61.74 

15.56 

Some  High  School 

27 

53.63 

15.18 

26 

55.62 

14.60 

53 

54.60 

14.78 

High  School  Diploma 

21 

54.52 

12.92 

81 

60.30 

16.37 

102 

59.10 

15.84 

Post-High  School 

42 

58.05 

14.41 

60 

65.85 

18.41 

102 

62.64 

17.24 

Total  Group 

90 

55.90 

14.30 

167 

61.56 

17.17 

257 

59.58 

16.42 

Three-Way 

Analysis  of 

Variance 

Sum 

of 

Mean 

Source  of  Variation 

Squares 

DF 

Square 

F 

PU 

Main  Effects 

5225 

.75 

4 

1306.44 

5 

.39 

.001 

Race 

1821 

.66 

1 

1821.66 

7 

.52 

.007 

Education 

2102 

.80 

2 

1051.40 

4 

. 34 

.014 

Sex 

1117 

.00 

1 

1117.00 

4 

.61 

.031 

Two-Way  Interactions 

2159 

.08 

5 

431.82 

1 

.78 

.116 

Race  x Education 

370 

.60 

2 

185.28 

.76 

.999 

Race  x Sex 

804 

.79 

1 

804.79 

3 

.32 

.066 

Education  x S'-x 

1616 

.92 

2 

808.46 

3 

.34 

.036 

Three-Way  Interaction 

Race  x Education  x : 

Sex 

2271 

.70 

2 

1135.78 

4 

.69 

.010 

Residual 

59358 

.21 

245 

242.28 

Total 

69014 

.62 

256 

269.59 

Estimated  probability  of  error  in  rejecting  null  hypothesis. 
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The  data  suggest  that  the  sample  was  drawn  from  a population  which 
contained  parents  of  all  educational  levels,  ranging  from  having  had  some  high 
school  to  having  attended  graduate  or  professional  school.  The  average  parent 
of  both  races  had  completed  a high  school  diploma  and  in  some  cases  (especially 
mothers  of  Black  students)  was  likely  to  have  had  some  schooling  beyond  high 
school,  e. g. , some  college  or  trade  school. 

Vocabulary  test  scores.  Table  2 shows  the  means  and  standard  deviations 
of  vocabulary  number-correct  scores  for  all  combinations  of  race,  the  three 
parental  educational  levels,  and  sex,  and  for  all  subgroups  combined,  as  well  as 
the  results  of  the  three-way  analysis  of  variance.  The  main  effects  for  race 
(p<. 01),  parents'  educational  level  (p<. 05),  and  sex  (p<.05)  were  all  statis- 
tically significant.  Mean  scores  of  Whites  (mean=61.56)  were  significantly 
higher  as  a group  on  the  vocabulary  test  than  those  of  Blacks  (mean=55 . 90) . 
Parents'  educational  level  was  related  to  mean  vocabulary  scores,  with 
students  having  more  highly  educated  parents  scoring  higher  on  the  average. 
Females  (mean=61.73)  had  average  scores  which  were  higher  than  those  of  males 
(mean=57. 47)  across  the  total  sample.  These  significant  main  effects  must  be 
qualified,  however,  since  there  was  a significant  (p<.05)  two-way  interaction 
between  parents'  educational  level  and  sex  and  a significant  three-way  inter- 
action between  race,  parents'  educational  level,  and  sex  (p<.01). 


Figure  1 

Three-Way  Interaction  Among  Race,  Parents' 
Educational  Level,  and  Sex  for  Vocabulary  Test  Scores 
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Figure  1 permits  examination  of  the  significant  interactions.  The 
departure  from  a consistent  trend  across  educational  levels  was  determined  for 
the  most  part  by  the  Black  males,  whose  mean  performance  was  lowest  at  the  highest 
Darental  educational  level, and  the  White  females,  whose  mean  performance  was 
highest  at  the  second  educational  level.  Thus,  the  distinction  between 
"some  high  school"  and  "high  school  diploma"  seemed  important  only  for  the 
White  females  in  this  sample,  while  the  distinction  between  "high  school 
diploma"  and  "some  post-high  school"  seemed  important  for  all  groups  except 
the  Black  males.  That  no  parental  measure  of  general  or  verbal  intelligence 
was  obtained  in  this  study, and  the  rather  broad  nature  of  the  highest  educational 
category  used, makes  interpretation  of  the  interactions  found  difficult  and 
speculative.  Most  important  is  the  demonstration  that  the  main  effect  for 
race  found  in  this  test  can  not  be  interpreted  independently  of  the  sex  of  the 
students  and  their  parents'  educational  levels. 

Table  3 

Means  and  Standard  Deviations  of  Mathemat ics  Test  Scores  for  all  Combinations 


of  Race,  Parents'  Educational  Level, 

and  Sex,  and 

Results 

of  the  Three-Way 

ANOVA 

Group 

Racial  Group 

Blacks 

Whites 

— 

Combined 
Racial  Groups 

N Mean 

S.D. 

N 

Mean 

S.D. 

N Mean 

S.D. 

Some  High  School 

Male 

16  10.81 

2.81 

15 

13.27 

3.80 

31  12.00 

3.50 

Female 

16  10.69 

3.87 

22 

12.04 

2.98 

38  11.47 

3.41 

High  School  Diploma 

Male 

13  10.46 

3.59 

47 

13.59 

4.56 

60  12.92 

4.53 

Female 

7 11.86 

2.48 

49 

14.28 

3.92 

56  13.98 

3.84 

Some  Post-High  School 

Male 

11  9.27 

2.41 

18 

14.28 

4.61 

29  12.38 

4.59 

Female 

15  11.60 

4.27 

29 

14.93 

4.22 

44  13.80 

4.48 

Combined  Groups 

Male 

40  10.28 

2.99 

80 

13.69 

4.40 

120  12.55 

4.29 

Female 

38  11.26 

3.  76 

100 

13.98 

3.94 

138  13.23 

4.07 

Some  High  School 

32  10.61 

3.38 

37 

12.54 

3.35 

69  11.63 

3.48 

High  School  Diploma 

20  10.95 

1.25 

96 

1 3.95 

4.24 

116  13.43 

4.23 

Post-High  School 

26  10.75 

3.63 

47 

14.68 

4.33 

73  13.21 

4.49 

Total  Group 

81  10.74 

3.39 

180 

13.85 

4.14 

261  12.88 

4.18 

Three-Way  Analysis  of  Variance 

Sum  of 

Mean 

Source  of  Variation 

Squares 

DF 

Square 

F 

P 

Main  Effects 

591. 

26 

4 

147 

.82 

9.58 

.001 

Race 

418. 

60 

1 

418 

.60 

27.14 

.001 

Educat ion 

54. 

19 

2 

27 

.09 

1.76 

.173 

Sex 

16. 

32 

1 

1 6.  32 

1.06 

.305 

Two-Way  Interactions 

98.56 

5 

19 

. 71 

1.28 

.273 

Race  x Education 

41. 

96 

2 

20.98 

1.36 

.257 

Race  x Sex 

16. 

42 

1 

16 

.42 

1.06 

.304 

Education  x Sex 

45. 

73 

2 

22 

.87 

1.48 

.227 

Three-Way  Interaction 

Race  x Education  x Sex 

1. 

87 

2 

.94 

.06 

.999 

Residual 

3794. 

42 

246 

1 

.42 

Total 

4486. 

12 

257 

17 

.46 

^Estimated  probability  of  error  in  rejecting  null  hypothesis. 
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Mathematios  test  sieves.  Table  3 shows  the  means  and  standard  deviations 
of  number-correct  scores  on  the  mathematics  test  for  all  combinations  of  race, 
parental  education,  and  sex,  and  the  results  of  the  three-way  analysis  of 
variance.  Since  sex  was  not  reported  or  determined  for  three  Black  students, 
the  cell  means  and  analysis  of  variance  were  based  on  78  of  the  original  81 
Blacks  with  non-chance  mathematics  scores.  For  the  mathematics  test,  only 
the  main  effect  for  race  (p<.001)  was  statistically  significant.  White 
students  obtained  significantly  higher  mean  scores  on  this  test  (mean=13.85) 
than  did  Black  students  (mean=10. 74) . There  were  no  significant  two-way 
interactions,  nor  was  the  three-way  interaction  statistically  significant  for 
this  test. 

It  is  of  interest  that  the  educational  index  of  the  parents  was  not 
related  to  scores  on  the  mathematics  test  and  that  there  was  no  sex  difference 
in  mathematics  scores,  as  is  often  found  in  tests  of  quantitative  skills.  One 
possible  explanation  for  this  result  may  be  found  in  the  low  mean  scores  on 
the  mathematics  test  across  all  groups,  which  might  indicate  that  the 
mathematics  test  was  uniformly  too  difficult  for  the  students  tested. 

Spatial  test  scores.  Means  and  standard  deviations  of  spatial  test 
number-correct  scores  for  all  groups  are  shown  in  Table  4,  along  with  the 
results  of  the  three-way  ANOVA.  Since  sex  was  not  reported  or  determined  for 
three  Black  students,  the  cell  means  and  analysis  of  variance  were  based  on 
78  of  the  original  81  Blacks  with  non-chance  spatial  scores.  For  this 
test,  the  main  effects  for  both  race  (p<.001)  and  parents'  educational 
level  (p<.05)  were  statistically  significant.  There  were  no  significant 
two-way  or  three-way  interactions. 

The  race  effect  indicated  higher  mean  scores  for  the  Whites  (21.45) 
than  for  the  Blacks  (18.83).  Examination  of  the  within-cell  means  in 
Table  4 indicates  that  a parent  having  completed  high  school  was  associated 
with  higher  spatial  scores  for  both  groups,  but  that  the  post-high  school 
distinction  was  not  associated  with  practically  significant  differences  in 
mean  scores.  In  fact,  lower  mean  scores  were  shown  for  Black  females  whose 
parents  had  some  education  beyond  high  school. 

Summary . For  all  three  ability  tests  administered,  the  White  group 
scored  significantly  higher  than  the  Black  group,  although  this  effect 
could  not  be  interpreted  independently  of  the  sex  and  parents'  educational 
level  of  the  students  on  the  vocabulary  test.  This  effect  cannot  be 
attributed  to  social  class  differences,  at  least  as  indexed  by  parental 
education,  since  Blacks  and  Whites  were  comparable  on  this  variable. 

The  results  for  the  parental  education  variable  were  not  as  straight- 
forward. In  the  spatial  test,  the  main  effect  for  parental  education  was 
statistically  significant,  but  the  effect  was  not  large  and  was  determined 
primarily  by  the  distinction  between  the  lowest  and  middle  educational 
levels.  In  the  vocabulary  test,  scores  generally  increased  with  increasing 
parental  education  except  for  the  Black,  males.  The  trend  of  the  increases 
over  educational  levels  varied  depending  on  the  sex  and  race  of  the  student, 
however.  No  educational  effect  was  found  in  the  mathematics  test. 

The  sex  variable  was  only  important  for  the  vocabulary  test.  Black 
females  scored  higher  than  Black  males  at  all  parental  educational  levels,  but 
the  sex  variable  interacted  with  educational  level  for  the  White  students. 
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Table  4 


Means  and  Standard  Deviations  of 
Race,  Parents'  Educational  Level, 

Spatial  Test 
and  Sex,  and 

Scores  for 
; Results  of 

all 

the 

Combinations  of 
Three-Way  ANOVA 

Group 

Racial 

Blacks 

Group 

Whites 

Combined 
Racial  Groups 

N 

Mean 

S.D. 

N 

Mean 

S.D. 

N 

Mean 

S.D. 

Some  High  School 

Male 

16 

18.56 

4.35 

15 

20.60 

5.02 

31 

3 9.55 

4 . 72 

Female 

16 

17.62 

3.28 

22 

19.50 

4.00 

38 

18.71 

3.80 

High  School  Diploma 

Male 

13 

19.62 

4.89 

47 

21.68 

4.27 

60 

21.23 

4.45 

Female 

7 

20.28 

3.35 

49 

21.82 

3.28 

56 

21.63 

3.30 

Some  Post-High  School 

Male 

11 

19.73 

2.87 

18 

22.00 

3.05 

29 

21.14 

3.14 

Female 

15 

18.33 

3.13 

29 

22.03 

3.23 

44 

20.77 

3.63 

Combined  Groups 

Male 

40 

19.23 

4.13 

80 

21.55 

4.16 

120 

20.  78 

4.28 

Female 

38 

18.40 

3.29 

100 

21.37 

3.55 

138 

20.55 

3.72 

Some  High  School 

32 

18.27 

3.90 

37 

19.95 

4.42 

69 

19.16 

4.23 

High  School  Diploma 

20 

19.85 

4.33 

96 

21.75 

3.78 

116 

21.42 

3.92 

Post-High  School 

26 

13.75 

3.08 

47 

22.02 

3.13 

73 

20.80 

3.47 

Total  Group 

81 

18.83 

3.76 

180 

21.45 

3.82 

26.1 

20.64 

3.99 

Three-Way  Analysis  of 

Variance 

Sum  of 

Mean 

Source  of  Variation 

Squares 

DF  \ 

Square 

f 

P 

Main  Effects 

512.33 

4 

128.08 

8 

96 

.001 

Race 

267.94 

1 

267.94 

18 

74 

.001 

Education 

126.92 

2 

63.46 

4 

44 

.013 

Sex 

6.76 

1 

6.76 

47 

.999 

Two-Way  Interactions 

33.95 

5 

6.79 

48 

.999 

Race  x Education 

15.20 

2 

7.60 

53 

.999 

Race  x Sex 

.76 

1 

. 76 

05 

.999 

Education  x Sex 

13.75 

2 

6.87 

48 

.999 

Three-Way  Interaction 

Race  x Education  x Sex 

8.68 

2 

4.34 

• 

30 

.999 

Residual 

3517. 33 

246 

14.30 

Total 

40 

72.30 

257 

15.85 

CL 

Estimated  probability 

of 

error  in  rejecting  null  hypothesis. 

Fan  tor  Composi tion 

Voaabularu  test.  Table  5 shows  the  eigenvalues  of  the  unrotated  common 
factor  matrices  of  random  and  real  data  for  the  Black  and  Whi>e  groups.  A 
comparison  of  the  unrotated  eigenvalues  for  the  first  five  factors  in  the 
Black  group  with  the  eigenvalues  obtained  from  the  random  data  suggested  that 
three  or  four  factors  represented  more  than  "chance"  variation  in  the  data.  On 
the  basis  of  an  examination  of  the  rotated  factor  contributions  for  the  four- 
factor  solution  (not  shown  here)  and  the  item  factor  loadings  on  each  factor, 
it  was  concluded  that  the  three-factor  solution  adequately  accounted  for  the 


-13- 


non-random  common  variance  in  the  items.  For  the  White  group,  the  comparison 
of  random  versus  real  eigenvalues,  the  rotated  factor  contributions,  and  the 
item  factor  loadings  suggested  that  three  factors  adequately  accounted  for  the 
meaningful  common  variance  in  the  vocabulary  test. 


'table  3 

Eigenvalues  of  the  Unrotated  Random  and  Real  Vocabulary  Item 
Intercorrelation  Matrices  for  Blacks  and  Whites,  and  Factor 


Contributions  for  the  First  Three  Factors  of  the  Rotated  Factor  Matrices 


Unrotated 

Solution 

Rotated  Solution 

Percent  of 

Factor 

Percent  of 

Group  and 
Factor 

Random 

Data 

Real 

Data 

Common 

Variance 

Total 

Variance 

Contri- 

bution 

Common 

Variance 

Total 

Variance 

Blacks 

1 

2.42 

7.63 

46.7 

10.1 

5.69 

46.9 

7.6 

2 

2.21 

2.44 

14.8 

3.2 

4.00 

32.9 

5.3 

3 

2.16 

2.23 

13.5 

2.9 

2.45 

20.2 

3.3 

4 

2.06 

2.08 

12.7 

2.8 

— 

— 

— 

5 

2.03 

2.01 

12.2 

2.7 

— 

— 

— 

Whites 

1 

1.69 

11.36 

69.0 

15.1 

6.25 

41.9 

8.3 

2 

1.57 

1.96 

12.0 

2.6 

5.54 

37.2 

7.4 

3 

1.48 

1.60 

9.8 

2.1 

3.12 

20.9 

4.2 

4 

1.39 

1.35 

8.3 

1.8 

— 

— 

— 

Thus,  a three-factor  solution  accounted  for  the  common  item  variance  in 
both  the  Black  and  White  groups.  The  factor  contributions  and  percentages  of 
common  and  total  variance  accounted  for  by  each  rotated  factor  in  the  final 
three-factor  solution  are  shown  in  Table  5.  Factor  loadings  for  the  vocabulary 
test  items  are  shown  in  Table  6.  Although  the  number  of  factors  was  the  same 
in  both  racial  groups,  examination  of  the  factor  loadings  on  similarly  ordered 
factors  suggested  that  the  factor  composition  of  the  vocabulary  test  for  the 
two  racial  groups  was  not  highly  similar.  In  addition,  the  rotated  factor 
contributions  of  the  three  factors  were  uniformly  higher  for  the  White  group 
than  for  the  Black  group.  This  implies  more  common  variance  among  the  items 
for  Whites  than  Blacks  or,  conversely,  more  error  or  specific  variance  in  the 
scores  of  Blacks  than  Whites. 

Table  7 shows  the  intercorrelations  of  factor  loadings  for  the  three 
factors  of  the  Black  group  and  those  of  the  White  group.  Table  7 shows  that 
there  was  moderate  similarity  (r=.58)  between  the  second  largest  W'hite 
vocabulary  factor  and  the  largest  Black  vocabulary  factor.  While  some  of  the 
other  correlations  were  statistically  significant,  none  of  the  other  Black 
versus  White  factor  pairs  seemed  to  be  determined  or  defined  by  the  same 
vocabulary  items.  Thus,  the  question  can  be  raised  as  to  what  the  first 
vocabulary  factor  in  the  White  group  represented,  since  it  did  not  appear  to 
have  a corresponding  factor  in  the  Black  group. 


A 
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Table  6 

Rotated  Factor  Loadings  of  Vocabulary  Test  Items  for  Black  and  White  Groups 


Item 

Blacks 

Whites 

Factor  1 

Factor  2 

Factor  3 

T7 

Factor  1 

Factor  2 

Factor 

1 W 

2 

.21 

.31 

.05 

.14 

.26 

.20 

.18 

.14 

3 

.09 

.27 

.16 

.11 

.12 

.08 

.24 

.08 

5 

.32 

.05 

.01 

.10 

.18 

.17 

.04 

.06 

7 

-.03 

.29 

.60 

.45 

-.08 

-.02 

.32 

.11 

8 

.24 

.51 

-.08 

.33 

.48 

.23 

.09 

.30 

9 

.11 

.28 

-.36 

.22 

.36 

.21 

.23 

.23 

12 

.51 

.34 

-.08 

.39 

.27 

.46 

.37 

.42 

14 

.24 

.11 

-.26 

.14 

.31 

.35 

.11 

.23 

15 

-.00 

.04 

-.14 

.02 

.02 

.06 

-.09 

.01 

16 

.05 

.49 

.13 

.26 

.42 

-.01 

.28 

.26 

17 

.25 

.10 

.19 

.11 

.39 

.39 

.04 

.31 

18 

.17 

.31 

-.07 

.13 

.19 

.19 

.33 

.19 

19 

.10 

.14 

.24 

.09 

.07 

.12 

.53 

.30 

20 

.48 

.02 

-.10 

.24 

.32 

.41 

.08 

.28 

24 

.08 

.24 

-.10 

.07 

.03 

.14 

-.18 

.05 

26 

.26 

.27 

-.12 

.16 

.22 

.11 

.36 

.10 

28 

.16 

.33 

.12 

.15 

.48 

.40 

.10 

.40 

29 

.17 

.44 

.08 

.23 

.38 

.15 

.34 

.28 

31 

-.07 

.11 

-.09 

.03 

-.05 

-.20 

-.45 

.24 

32 

.38 

.19 

.12 

.20 

.22 

.25 

.03 

.12 

33 

.25 

.14 

.27 

.15 

-.04 

.06 

.26 

.08 

34 

-.02 

.06 

-.25 

.06 

.16 

.09 

-.02 

.03 

36 

.32 

.14 

-.03 

.12 

.12 

.39 

.17 

.19 

37 

.32 

.08 

-.13 

.13 

.37 

.24 

.16 

.22 

38 

-.09 

-.05 

.25 

.08 

.39 

.11 

.03 

.16 

39 

-.07 

.24 

.15 

.09 

.13 

.25 

.37 

.22 

41 

.36 

.02 

-.03 

.13 

.49 

.02 

.08 

.25 

44 

.14 

.12 

-.08 

.04 

.52 

.06 

.08 

.28 

45 

.42 

-.07 

-.07 

.19 

.45 

.35 

.08 

.34 

46 

-.04 

.23 

.00 

.06 

-.08 

.13 

-.04 

.03 

48 

-.00 

.06 

-.15 

.03 

. 14 

-.28 

.25 

.16 

49 

-.11 

.30 

.15 

.12 

-.01 

.29 

.22 

.13 

50 

-.01 

.07 

.29 

.09 

.13 

.13 

.26 

.10 

52 

.18 

.01 

-.09 

.04 

.43 

.26 

.27 

.32 

53 

.30 

.20 

-.04 

.13 

.13 

.18 

.20 

.09 

59 

.24 

.07 

-.02 

.06 

-.18 

.02 

.07 

.04 

62 

-.01 

-.01 

-.06 

.00 

.38 

.08 

.07 

.15 

65 

-.02 

.14 

.03 

.02 

.15 

.08 

-.05 

.03 

66 

.04 

.40 

.00 

.16 

.29 

.40 

.13 

.26 

67 

.01 

.02 

-.29 

.08 

.30 

-.03 

.36 

.22 

69 

.01 

.41 

.15 

.19 

.34 

.24 

.25 

.23 

71 

.09 

-.11 

-.27 

.09 

.39 

.02 

.10 

.17 

79 

.09 

.27 

.28 

.16 

.12 

-.02 

-.02 

.01 

80 

.07 

.15 

-.16 

.05 

.39 

.14 

-.01 

.17 

81 

.22 

.11 

.20 

.10 

.13 

.46 

.26 

.30 

82 

.27 

.35 

-.00 

.19 

.13 

.31 

.10 

.12 

85 

.38 

.12 

.33 

.26 

.22 

.53 

.10 

.34 

87 

.29 

.31 

-.05 

.18 

.11 

-.04 

.08 

.02 

(continued  on  next  page) 
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Table  6 (continued) 

Rotated  Factor  Loadings  of  Vocabulary  Test  Items  for  Black  and  White  Groups 


Blacks 

Whites 

Item  Factor  1 Factor  2 Factor  3 hz 

Factor  1 Factor  2 Factor  3 hz 

88 

.37 

.10 

.25 

.21 

.23 

.34 

.09 

.18 

90 

.29 

.13 

.18 

.13 

.41 

.26 

.19 

.27 

91 

.33 

.46 

-.19 

.35 

.27 

.31 

.27 

.25 

92 

.17 

-.03 

.00 

.03 

.60 

.22 

.16 

.44 

94 

.61 

.24 

-.07 

.43 

.12 

.43 

.15 

.23 

96 

.39 

.32 

-.01 

.25 

.21 

.48 

-.08 

.28 

98 

.23 

.24 

.34 

.23 

.25 

.39 

.05 

.21 

99 

.30 

.50 

.01 

.34 

.13 

.48 

.14 

.27 

100 

-.03 

.22 

.19 

.08 

.34 

.23 

-.11 

.18 

101 

.40 

.13 

.09 

.19 

.46 

.20 

-.01 

.25 

102 

.13 

.21 

.17 

.09 

.03 

.07 

.20 

.05 

103 

.02 

.40 

-.12 

.17 

.42 

.22 

.28 

.30 

105 

.20 

.56 

-.02 

.35 

.05 

.45 

.36 

.33 

106 

.32 

-.09 

.00 

.11 

.41 

.18 

.18 

.23 

107 

.44 

-.09 

.03 

.20 

.57 

.12 

.19 

.38 

110 

.36 

-.01 

.06 

.14 

-.01 

.17 

.17 

.06 

111 

.53 

.01 

.16 

.31 

.03 

.64 

.07 

.41 

113 

.43 

-.08 

.18 

.22 

-.01 

.32 

.06 

.11 

114 

.49 

-.06 

.41 

.41 

.30 

.35 

.06 

.21 

115 

.06 

-.21 

.15 

.07 

-.07 

-.09 

.05 

.01 

116 

.43 

.19 

.21 

.27 

.34 

.26 

.15 

.21 

117 

.25 

.01 

.25 

.13 

.26 

.26 

.03 

.14 

118 

.17 

.13 

-.08 

.05 

.34 

.16 

.33 

.25 

122 

.39 

.12 

.28 

.25 

.27 

.31 

.02 

.17 

124 

.51 

.17 

.08 

.29 

.16 

.51 

.15 

.31 

125 

.46 

.21 

.20 

.30 

.17 

.29 

.07 

.12 

126 

.32 

.10 

-.10 

.12 

.39 

.14 

.19 

.21 

Factor  Con 

- 

tr ibution 

5.69 

4.00 

2.45 

12.23 

6.25 

5.54 

3.12 

14.85 

A iathematias  test.  The  factor  structures  of  the  mathematics  test  appeared 
to  be  more  similar  for  the  Black  and  White  groups  than  were  the  factor 
structures  of  the  vocabulary  tests.  A comparison  of  random  and  real  eigenvalues 


Table  7 

Correlations  of  Rotated  Factor 
Loadings  for  Vocabulary  Test  Items 


Factor  in 
Black  Group 

Factor  in  White  Group 

1 

2 

3 

1 

.16 

.58*** 

.02 

2 

-.04 

.20* 

.27** 

3 

-.23* 

.16 

.05 

*p<- 05;  **p< . 01 ; ***p<.001. 
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Table  8 

Eigenvalues  of  the  Random  and  Real  Mathematics  Item  Intercorrelation  Matrices 
for  Blacks  and  Whites,  and  Factor  Contributions  for  the  First  Three 
Factors  of  the  Rotated  Factor  Matrices 


Unrotated  Solution 

Rotated  Solution 

Percent 

of 

Factor 

Percent  of 

Group  and 
Factor 

Random 

Data 

Real 

Data 

Common 

Variance 

Total 

Variance 

Contri- 

bution 

Common 

Variance 

Total 

Variance 

Blacks 

1 

1.36 

2.09 

42.1 

8.4 

2.05 

53.9 

8.2 

2 

1.30 

1.84 

37.6 

7.4 

1.75 

46.0 

7.0 

3 

1.06 

.96 

19.6 

3.8 

— 

— 

— 

Whites 

1 

.90 

2.98 

65.2 

12.0 

2.34 

60.9 

9.4 

2 

.64 

.86 

19.3 

3.6 

1.50 

39.1 

6.0 

3 

. 72 

.71 

15.4 

2.8 

— 

— 

— 

Table  9 

Rotated  Factor  Loadings  of  the  Mathematics  Test  Items 
for  Black  and  White  Groups 


- 

Blacks 

Whites 

Item 

Factor  1 

Factor  2 

Factor  1 

Factor  2 

hz 

1 

.135 

-.627 

.411 

.029 

.097 

.010 

2 

.180 

-.473 

.256 

.186 

-.044 

.037 

3 

.007 

.078 

.006 

.006 

-.027 

.001 

4 

.237 

-.024 

.057 

.345 

.129 

.136 

5 

.198 

-.010 

.039 

.166 

-.112 

.040 

6 

.145 

-.394 

.176 

.141 

-.120 

.034 

7 

.488 

.005 

.238 

.265 

.049 

.073 

8 

.377 

-.275 

.218 

.222 

.044 

.051 

9 

.177 

-.  130 

.048 

.423 

.215 

.225 

10 

.406 

-.117 

.179 

.672 

-.099 

.461 

11 

.435 

.494 

.433 

.468 

.257 

.285 

12 

.397 

-.124 

.173 

.280 

.236 

.134 

13 

. 340 

.296 

.203 

.398 

.209 

.202 

14 

.249 

.186 

.097 

.447 

.219 

.248 

15 

.496 

.087 

.254 

. 185 

.286 

.116 

16 

-.179 

.236 

.088 

.119 

.372 

.153 

17 

.281 

.023 

.079 

.348 

.129 

.138 

18 

.441 

.037 

. 196 

. 373 

.146 

.160 

19 

.242 

.037 

.060 

.410 

.249 

.230 

20 

.239 

.327 

.164 

.310 

.242 

.155 

21 

.076 

. 353 

.130 

.313 

.231 

.151 

22 

-.230 

.324 

.158 

.084 

.314 

.106 

23 

. 102 

-.007 

.010 

.105 

.453 

.216 

24 

.232 

-.096 

.063 

.098 

.643 

.423 

25 

.047 

.284 

.083 

-.  185 

.138 

.053 

Factor 
Contri- 
but  ion 

2.05 

1.75 

3.819 

2.34 

1.50 

3.838 
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(Table  8)  a.  item  factor  loadings  (Table  9)  suggested  that  there  were  two 
factors  in  the  mathematics  test  for  both  groups.  The  two  factors  had  similar 
rotated  eigenvalues  for  both  groups,  suggesting  that  the  rotated  factors  were 
of  equal  strength  in  both  groups.  A further  examination  of  the  loadings  of 
items  on  the  first  factors  for  the  Black  and  White  groups  in  Table  9 suggests 
that  these  factors  were  defined  by  the  same  items  in  similar  strengths.  This 
was  further  supported  by  the  correlation  (r>=.56)  between  item  factor  loadings 
on  the  first  rotated  mathematics  factor  for  the  two  groups,  shown  in  Table  10. 
The  correlation  across  items  between  the  second  factors  in  both  groups  (r=.39), 
as  well  as  an  inspection  of  the  loadings  in  Table  9,  suggests  a modest 
similarity  for  the  second  factors  in  the  two  groups. 


Table  10 

Correlations  of  Rotated  Factor 
Loadings  for  Mathematics  Test  Items 


Factor  in 

Factor  in 

White  Group 

Black  Group 

1 

2 

1 

. 56** 

-.16 

2 

.14 

.39* 

*p<. 05;  **p<. 01 


Spatial  test.  A comparison  of  the  factor  structures  for  the  Black  apd 
White  groups  on  the  spatial  test  gave  results  somewhat  different  from  either 
of  the  other  two  tests.  In  the  White  group,  the  parallel  analysis  of  random 
and  real  factors  suggested  that  four  factors  represented  more  than  chance 
variation  in  the  items.  An  examination  of  the  rotated  factor  contributions 
and  item  factor  loadings  under  both  the  three-  and  four-factor  solutions 
indicated  that  three  factors  adequately  accounted  for  the  common  variance  in 
the  items.  In  the  Black  group,  the  parallel  analysis  of  random  and  real 
factors  and  the  item  factor  loadings  for  alternative  factor  solutions  also 
indicated  that  a three-factor  solution  was  adequate. 

Table  11 


Eigenvalues  of  the  Unrotated  Random  and  Real  Spatial  Item  Intercorrelation 
Matrices  for  Blacks  and  Whites,  and  Factor  Contributions  for  the 
First  Three  Factors  of  the  Rotated  Factor  Matrices 


Unrotated 

Solut ion 

Rotated  Solution 

Percent  of 

Factor 

Percent  of 

Group  and 
Factor 

Random 

Data 

Real 

Data 

Common 

Variance 

Total 

Variance 

Contri- 
but ion 

Common 

Variance 

Total 

Variance 

Blacks 

1 

1.54 

2.87 

42.3 

9.6 

2.16 

38.2 

7.2 

2 

1.22 

1.65 

24.3 

5.5 

2.13 

37.7 

7.1 

3 

1.13 

.123 

18.1 

4.1 

1.36 

24.1 

4.5 

4 

1.08 

1.03 

15.2 

3.4 

— 

— 

— 

Whites 

1 

.99 

3.57 

49.7 

11.9 

2.40 

43.6 

8.0 

2 

.89 

1.06 

14.8 

3.5 

1.60 

29.1 

5.3 

3 

.80 

.98 

13.6 

3.3 

1.50 

27.3 

5.0 

4 

.70 

.92 

12.8 

3.1 

— 

— 

— 

5 

.65 

.65 

9.1 

2.2 

— 

— 

Although  the  number  of  factors  needed  for  both  groups  was  the  same,  the 
relative  strength  of  the  factors,  as  in  the  vocabulary  test,  differed  for  the 
two  groups  (see  Table  11).  After  rotation,  the  first  factor  in  the  White  group 
accounted  for  8.0%  of  the  total  test  variance  in  the  White  group  and  7.2% 
in  the  Black  group.  However,  in  contrast  to  the  factor  solutions  for  the 
vocabulary  items,  the  second  factor  for  the  Black  group  was  stronger  than  that 
for  the  White  group.  Thus,  for  the  spatial  subtest,  two  relatively  equal- 
strength  factors  were  predominant  in  the  Black  group's  data  but  not  in  the 
White  group's,  while  for  the  vocabulary  test,  two  relatively  equal  factors  were 
obtained  for  the  White  group. 

Table  12 


Rotated 

Factor 

Loadings 

of 

the  Spatial  Test 

Items  for 

Black  and 

Wh  i t e 

Groups 

Blacks 

Whites 

Item 

Factor 

1 Factor 

2 

Factor 

3 V 

Factor  1 

Factor  2 

Factor 

3 h T 

1 

.01 

. 10 

-.23 

.06 

.13 

.20 

. 30 

. 14 

2 

.20 

.17 

.07 

.07 

-.12 

.51 

-.08 

.28 

3 

-.05 

.45 

-.20 

.25 

.18 

-.07 

.23 

.09 

4 

.11 

.27 

.32 

.19 

.59 

.02 

.09 

.36 

5 

.06 

.02 

.15 

.03 

.15 

.18 

.35 

.19 

6 

. 16 

.09 

.11 

.05 

27 

.00 

.05 

.07 

7 

-.01 

. 12 

. 11 

.03 

.07 

. 19 

. 34 

. 16 

8 

-.09 

.53 

-.06 

.29 

.22 

.10 

. 18 

.09 

9 

-.03 

-.17 

.19 

.07 

.03 

.02 

.18 

.03 

10 

.40 

.44 

.10 

.36 

.06 

.49 

.24 

.31 

1 1 

. 14 

.28 

-.11 

.10 

.20 

-.02 

.38 

.18 

12 

. 33 

-.03 

-.04 

.11 

.20 

.36 

.27 

.25 

1 3 

.12 

.49 

-.03 

.26 

. 79 

.13 

-.17 

.67 

14 

.09 

. 35 

-.03 

. 13 

.29 

.17 

.19 

.15 

13 

. 15 

.40 

-.02 

.19 

. 15 

-.01 

. 1 1 

.03 

lb 

-.39 

.31 

.21 

.30 

.23 

. 14 

.26 

. 14 

17 

. 10 

. 10 

-.48 

.25 

.23 

-.02 

.43 

.24 

18 

. 19 

. 11 

.26 

.11 

.34 

. 15 

.12 

.15 

19 

. 18 

. 36 

.21 

.21 

.11 

.17 

. 30 

.13 

20 

.62 

.17 

.04 

.41 

.32 

.55 

-.05 

.41 

21 

.68 

.22 

-.02 

.52 

.55 

.13 

.12 

.33 

22 

-.  15 

.07 

.28 

.11 

.27 

.13 

. 33 

.21 

23 

-.04 

-.09 

.35 

.13 

-.03 

-.  22 

-.09 

.06 

24 

. 76 

.03 

-.04 

.58 

.43 

.52 

-.06 

.50 

23 

-.09 

.32 

.17 

. 14 

.05 

.16 

.25 

.09 

?b 

. 15 

.32 

.24 

.18 

. 50 

.19 

.27 

.20 

27 

.00 

-.09 

-.59 

.33 

.08 

. 1 1 

.09 

.03 

28 

.08 

.24 

-.04 

.07 

.01 

-.02 

.19 

.04 

29 

.04 

.22 

.18 

.08 

.13 

.05 

.08 

.03 

30 

-.17 

-.15 

.13 

.07 

-.04 

.03 

.14 

.02 

Factor 

Cont  r i- 

but ion 

2.  16 

2.13 

1.36 

5.66 

2.40 

1.60 

1.50 

5.55 

As 

indicated  by  the 

pattern  of 

loadings 

in  Table 

12  and  the 

factor 

corro- 

1 at  ions 

i n Tab  1 e 

13,  the 

second  largest  White 

factor  seemed  to  define  a 

factor 
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similar  to  the  first  Black  spatial  factor  (r=.58),  a result  similar  to  that 
found  in  the  vocabulary  test.  Beyond  this  factor  pair,  no  clear  correspondence 
existed  between  factors  across  the  two  groups,  although  the  first  White 
factor  did  share  some  items  and  variance  with  both  the  first  and  second  largest 
Black  factors;  and  the  third  White  factor  showed  a small  negative  relationship 
to  the  first  Black  factor. 


Table  13 

Correlations  of  Rotated  Factor 
Loadings  for  Spatial  Test  Items 


Factor  in 

Factor 

in  White 

Group 

Black  Group 

1 

2 

3 

1 

. 37* 

# 58*** 

-.33* 

2 

. 33* 

.04 

.04 

3 

.01 

.01 

-.10 

*p<.  05;  **p<.  01;  ***r><.001 


Summary . There  were  both  similarities  and  differences  between  the  two 
racial  groups  in  the  factor  structures  of  the  three  subtests: 

While  the  number  of  factors  needed  to  account  for  the  common  variance 
in  each  test  was  the  same  for  Blacks  and  Whites,  the  nature  of  these 
factors  in  terms  of  which  items  defined  them  or  what  they  represented 
appeared  to  be  different. 

The  largest  factor  for  the  White  group  accounted  for  more  variance 
in  all  three  tests  than  did  the  largest  factor  in  the  Black  group. 

In  addition,  while  the  White  group  had  two  relatively  large  factors 

in  the  vocabulary  data,  the  Black  group  had  two  relatively  large 
factors  in  the  spatial  data. 

While  the  factor  structure  of  the  mathematics  test  seemed  to  be 
similar  for  the  two  groups,  the  largest  White  factor  in  the  vocabulary 
test,  and  to  a lesser  extent  in  the  spatial  test,  seemed  to  have 

no  comparably  defined  factor  in  the  respective  Black  factor  structures. 

In  both  the  vocabulary  and  spatial  tests,  the  largest  factors  in  the 
Black  group  corresponded  to  the  second  largest  factor  in  the  White 
group. 

Item  Bias  Analysis 

Reckase  (1977),  drawing  conclusions  from  a series  of  simulation  studies, 
concluded  that  if  the  first  unrotated  factor  in  a set  of  test  items  accounts 
for  at  least  10%  of  the  total  variance  and  there  are  no  strong  competing 
unrotated  factors,  ICC  item  parameterization  techniques  will  estimate  the 

(latent  trait  parameters  indexing  this  first  dimension.  When  the  first 

unrotated  factor  accounts  for  a smaller  percentage  of  the  total  test  variance, 
however,  the  parameters  will  not  be  as  stable  as  when  the  first  factor  accounts 
for  a larger  proportion  of  test  variance.  In  the  present  vocabulary  data, 
the  first  unrotated  factors  accounted  for  15%  and  10%  of  the  total  test 


variance  in  the  White  and  Black  groups,  respectively  (see  Table  5),  and  about 
14%  for  the  combined  group.  Therefore,  based  on  Reckase's  results,  it  can  be 
assumed  that  the  ICC  parameters  obtained  from  those  items  will  estimate  the 
first  dimension  of  the  vocabulary  test  items.  Comparison  of  parameters  across 
the  Black  and  White  groups,  however,  will  have  to  take  into  consideration  the 
possible  instability  of  the  estimates. 

ICC  item  parameter  values  were  estimated  for  127  vocabulary  test  items. 
Table  14  shows  the  number  of  items  failing  the  requirements  of  the  parameteri- 
zation procedure  for  each  racial  group.  A total  of  47  items  did  not  fit  the 
model  for  one  or  both  of  the  groups.  The  results  shown  in  Table  14  suggest 

(1)  a greater  tendency  on  the  part  of  Black  students  not  to  engage  in  random 
guessing,  as  indicated  by  fewer  items  rejected  with  proportion  correct  less 
than  .20,  and  (2)  a tendency  for  the  item  responses  of  White  students  to 
correlate  more  highly  with  total  scores  on  the  test,  as  indicated  by  more 
items  with  very  high  point-biserial  correlations  with  total  score.  This  latter 
tendency  would  be  related  to  the  higher  first  factor  loadings  and  the  higher 
eigenvalue  for  the  first  factor  observed  for  the  White  student  group. 


Table  14 


Number  of  Items  Rejected  by  the  Parameterization 
Procedure  for  the  Reasons  Given,  by  Racial  Group 


1 i «- 

Racial 

Group 

Reason 

Whites 

Blacks 

Proportion  Correct  Less  Than 
Fixed  Value  of  .20 

14 

28 

Biserial  Correlation  Between 

Item  and  Item-Excluded  Total 
Score  Greater  Than  1.0 

13 

5 

For  the  remaining  80  items,  there  were  four  ICC  parameters:  (1)  a 
discrimination  parameter,  a,  for  each  racial  group  and  the  total  group; 

(2)  a difficulty  parameter,  b,  for  each  racial  group  and  the  total  group; 

(3)  a guessing  parameter,  e,  which  was  fixed  for  all  items  at  .2  (1  divided  by 
the  number  of  multiple-choice  response  alternatives) ; and  (4)  an  index  of 
bias,  derived  by  subtracting  the  White  group's  difficulty  parameter  from  the 
Black  group's  difficulty  parameter.  A large  positive  value  of  the  bias  index, 
then,  indicated  an  item  which  the  Black  group  found  to  be  more  difficult  on 
the  average  than  the  White,  whereas  a large  negative  bias  index  indicated  an 
item  which  was  more  difficult  for  the  White  group.  Four  of  the  80  items  for 
which  item  parameters  were  obtained  had  extreme  discrimination  (a  greater  than 
11.0)  or  extreme  difficulty  ( b greater  than  13.0)  parameter  values  and  were 
excluded  from  further  analysis.  Appendix  Table  A- 3 contains  the  ICC  parameters 
for  the  80  vocabulary  items.  The  last  column  of  Table  A-5  contains  the  index  of 
bias  for  each  item. 

Table  15  shows  the  mean,  standard  deviation,  and  range  of  values  of  the 
discrimination  ( a ) and  difficulty  ( b ) parameters  for  the  Blacks,  the  Whites , 
and  the  combined  group,  as  well  as  these  statistics  for  the  bias  index.  The 


data  in  Table  15  show  that  although  the  items  were,  on  the  average,  about 
equally  discriminating  for  Blacks  and  Whites  (mean  a-.  85  versus  .87),  they 
were  more  difficult  for  Blacks  (mean  £>=.21  for  Blacks  versus  -.03  for  Whites). 
The  higher  average  difficulty  for  the  Black  group  was  also  reflected  in  the 
positive  mean  item  bias  (.35)  which  represents  the  average  difference  between 
the  BlacK.  and  White  fc-parameters . From  the  maximum  and  minimum  bias  values, 
it  can  be  seen  that  the  largest  item  difficulty  difference  in  favor  of 
the  Whites  was  4.01,  whereas  the  largest  difficulty  difference  in  favor  of 
Blacks  was  5.46. 


Table  15 

Kean,  Standard  Deviation,  and  Range  of  the  Discrimination  (a).  Difficulty  (i>) , 
and  Bias  Parameters  for  Calibrated  Items  (77=76  items) 


Statistic 

Racial 

Blacks 

Group 

Whites 

Combined 
Racial  Groups 

Bias 

a 

b 

a 

b 

a 

b 

Mean 

.85 

.21 

.87 

-.03 

.82 

-.05 

.35 

Standard  Deviation 

.52 

1.50 

.50 

1.70 

.37 

1.72 

1.55 

Maximum 

2.87 

3.61 

3.06 

6.83 

2.27 

3.98 

4.01 

Minimum 

.13 

-6.14 

.08 

-4.19 

.09 

-9.44 

-5.46 

Since  the  composition  of  the  test  included  items  written  specifically  for 
Blacks,  it  was  relevant  to  determine  the  mean  discriminations  and  mean 
difficulties  for  "Black-type"  versus  "non-Black-type"  words  separately.  Table  16 
reports  these  data  as  well  as  the  mean  bias  for  each  set  of  words  separately. 

Of  the  76  items  remaining  after  item  calibration,  22  were  "Black-type"  words 
and  the  remainder  of  the  item  pool  constituted  the  "non-Black-type"  items. 

These  data  show  that  the  "Black-type"  words  were  less  discriminating  for  both 
Blacks  and  Whites  than  the  remainder  of  the  items  (mean  a=. 67  versus  .92  for 
Blacks  and  .56  versus  .99  for  Whites).  While  the  item  pool  as  a whole  was 
slightly  more  discriminating  for  Whites  (see  Table  15)  and  the  "non-Black-type" 
words  separately  were  slightly  more  discriminating  for  Whites  (mean  a=. 99  for 
Whites  versus  .92  for  Blacks),  the  "Black-type"  words  were  more  discriminating 
for  Blacks  (mean  a=. 67  for  Blacks  versus  .56  for  Whites). 

Table  16 


Mean,  Standard  Deviation,  and  Range  of  Discrimination  (a),  Difficulty  (£>)  , and 


Bias  Parameters 

for  "Black 

-Type!'- . 

Words  and 

"Non- 

-Black-Typ 

e"  Words 

Stat  1st  Lc 

Racial 

Blacks 

Group 

Whites 

Combined 

Racial  Groups 

Bias 

a 

b 

a 

b 

a 

b 

"Black-Type"  Words  ( N= 

22) 

Mean 

.67 

-.23 

.56 

.52 

.54 

-.09 

-.71 

Standard  Deviation 

.51 

1.39 

.34 

2.15 

.36 

2.56 

2.08 

Maximum 

2.87 

3.61 

1.45 

4.50 

1.68 

3.43 

2.93 

Minimum 

.25 

-2.25 

.08 

-4.19 

.09 

-9.44 

-5.46 

"Mon-B Lack-Type"  Words 

(7\7=  54 ) 

Mean 

.92 

.37 

.99 

-.26 

.93 

-.03 

. 79 

Standard  Deviation 

.49 

1.54 

.50 

1.44 

.32 

1.23 

.98 

Maximum 

2.75 

3.17 

3.06 

6.83 

2.27 

3.98 

4.01 

Minimum 

.13 

-6.14 

.14 

-2.77 

.22 

-2.62 

-4.44 

-22- 


As  expected,  the  "non-Black-type"  words  were  more  difficult  on  the  average 
for  Blacks  (mean  £=.37  for  Blacks  versus  -.26  for  Whites),  while  the  "Black-type" 
words  were  more  difficult  for  Whites  (mean  £=.52  for  Whites  versus  -.23  for 
Blacks).  This  was  reflected  further  in  the  mean  bias  index  which  indicated 
that  "Black-type"  words  favored  Blacks  (mean  bias=-.71),  while  "non-Black-type" 
words  favored  Whites  (mean  bias=.79). 

Relationship  Between  Bias  Index  and  Factor  Composition 

In  the  discussion  of  comparative  factor  structures  for  Blacks  and  Whites, 
it  was  indicated  that  the  largest  Black  factor  in  the  vocabulary  test  corres- 
ponded most  strongly  to  the  second  largest  factor  in  the  White  group.  The 
question  was  raised  as  to  the  nature  of  the  largest  White  factor  in  the 
vocabulary  test.  Table  17,  which  shows  the  correlations  between  the  bias  index 
and  each  of  the  vocabulary  factors  in  the  Black  and  White  groups,  suggests  one 
interpretation  of  why  the  largest  White  factor  did  not  correspond  to  any  Black 
factor.  This  table  shows  that  none  of  the  Black  factors  had  item  loadings  which 


Table  17 

Correlations  Between  the  Bias  Index 


and  Item  Factor  Loadings  for  Each  Vocabulary 
Factor  in  Both  Black  and  White  Groups 


Factor 

Blacks 

Whites 

1 

.20 

.46** 

2 

-.05 

.36** 

3 

-.08 

.27* 

*signif icant 

at  p<. 05 

**signif icant 

at  p<.01 

correlated  highly  with  the  item  indices  of  bias.  On  the  other  hand,  all  of  the 
White  factors  were  related  to  item  bias  to  some  degree,  especially  the  first 
factor.  Examination  of  the  item  loadings  on  this  factor  (compare  Table  5 with 
Appendix  Table  A- 5) showed  that  those  items  with  high  loadings  on  the  first  White 
factor  were  words  drawn  from  the  Minnesota  vocabulary  item  pool  and  the  ETS 
item  pool.  These  items  had  bias  values  favoring  Whites  somewhat  and  ranged 
from  about  .50  to  2.00.  The  majority  of  the  items  with  low  or  negative 
loadings  on  the  first  White  factor  were  the  "Black-type"  words  with  negative 
bias  indices. 

This  trend  was  also  present  to  a lesser  extent  with  the  second  White 
factor  where  some,  but  not  all,  "Black-type"  words  were  associated  with  lower 
item  loadings.  Words  written  specifically  for  Whites  did  not  seem  to  influence 
or  define  a factor  in  this  way  in  either  the  White  or  Black  groups. 

The  inclusion  of  the  "Black-type"  items  seemed  to  have  defined  a "bias 
factor"  in  the  White  group,  which  was  represented  most  strongly  by  the  first 
factor.  Not  surprisingly,  there  was  apparently  not  enough  variation  in 
performance  on  these  items  in  the  Black  group  to  define  such  a factor.  This 
interpretation  is  consistent  with  the  strong  relationship  between  the  second 
White  factor  and  the  largest  Black  factor,  and  the  relative  independence  of 
the  largest  White  factor,  which  seemed  to  be  largely  a "bias  factor." 


Variance  Overlap  Analysis 


Test  score  interoorrelations . Table  18  shows  the  correlations  among 
scores  on  the  three  tests  for  the  two  racial  groups  and  for  the  total  combined 
group.  For  the  Black  group  the  correlation  between  vocabulary  and  spatial 
test  scores  was  not  significantly  different  from  zero;  for  all  other  subtest 
combinations  in  both  racial  groups  and  the  total  combined  group,  subtest 
correlations  were  significantly  different  from  zero.  Test  score  correlations 
for  the  Black  group  were  consistently  lower  than  for  the  White  group.  However, 
statistical  tests  of  the  significance  of  these  differences  indicated  that  they 
were  not  significantly  different  from  each  other. 

Table  18 

Pearson  Product-Moment  Correlations  Between  Scores  on  the 
Vocabulary,  Mathematics,  and  Spatial  Tests 


Racial  Group Combined 


Subtests 

Blacks 

Whites 

a 

P 

Racial 

Groups 

N 

V 

N 

r 

N 

r 

Vocabulary  vs. 

Mathematics 

48 

.36* 

96 

.60* 

.08 

144 

.53* 

Vocabulary  vs. 

Spatial 

48 

.16 

96 

.34* 

.32 

144 

.31* 

Mathematics  vs 

. Spatial 

81 

.15* 

180 

.36* 

.10 

261 

.37* 

Probability  of  error  in  rejecting  null  hypothesis  of  no  difference  in 
subgroup  r's. 

*Signif icantly  different  from  zero  at  p<.0 5. 


One  possible  explanation  for  the  consistently  (but  not  significantly)  lower 
test  score  intercorrelations  for  the  Black  group  was  suggested  by  the  factor 
analyses,  which  indicated  consistently  lower  proport  ions  of  variance  extracted  by 
the  factor  analytic  procedure  in  the  Black  group.  This  suggests  the  possi- 
bility of  either  less  reliable  variance  in  the  test  scores  of  the  Black  group 
or  additional  reliable  specific  variance  which  was  not  being  extracted  by  the 
factor  analysis  in  the  Black  group.  To  investigate  this  possibility,  Cronbach's 
alpha  internal  consistency  reliability  coefficients  were  calculated  for  each 
subtest  total  score  in  both  groups. 


Table  19 


Alpha  (a)  Internal  Consistency  Relia- 
bilities  for  Black  and  White  Groups 


Test 

Blacks 

Whites 

N 

a 

N 

a 

Vocabulary 

90 

.89 

169 

.93 

Mathematics 

77 

.59 

179 

.75 

Spatial 

83 

.54 

182 

.71 

Table  19  shows  that  the  mathematics  and  spatial  tests  were  less  internally 
consistent  in  terms  of  Cronbach's  alpha  coefficient  for  Blacks  than  for  Whites, 
while  the  internal  consistency  reliability  coefficients  of  the  vocabulary  test 


i 
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were  about  the  same  for  both  groups.  This  lower  internal  consistency  could 
also  explain  to  some  degree  the  smaller  observed  score  variances  in  test  scores 
for  the  Black  group,  since  the  item  covariances  would  contribute  less  to  total 
test  score  variance  for  this  group. 

Factor  score  cross -correlations . The  factor  analyses  of  the  three  subtests 
reported  above  indicate  that  total  scores  on  the  subtests  in  each  racial  group 
were  composed  of  two  to  three  factors.  Thus,  the  correlations  of  total  raw 
scores  combined  several  independent  variables  whose  cross-correlations  between 
tests  might  differ  in  the  two  racial  groups.  To  explore  this  hypothesis, 
factor  scores  were  computed  in  each  group  for  the  factors  identified  in  each 
of  the  three  tests.  Factor  scores  were  computed  using  the  rotated  factor 
loadings  to  weight  each  item's  contribution  to  each  factor.  These  factor 
scores  were  then  correlated  between  tests  separately  for  the  two  racial  groups. 
The  correlations  are  shown  in  Table  20. 


Table  20 

Cross-Correlations  of  Subtest  Factor  Scores 
for  Black  (N=  45)  and  White  (/V=94)  Groups 


Factor 

Vocabulary 

Mathematics 

Blacks 

Whites 

Blacks 

Whites 

1 

2 

3 

1 

2 

3 

1 

2 

1 

2 

Mathematics 

1 

.29* 

.24* 

.02 

.21* 

. 34* 

.29* 

2 

-.05 

.05 

-.24* 

.19* 

.20* 

.14* 

Spat ia l 

l 

-.14 

.15 

-.09 

.06 

.34* 

.19* 

-.16 

.10 

.28* 

.08 

2 

-.02 

.05 

-.16 

.03 

.27* 

.01 

-.10  - 

.03 

.20* 

-.02 

3 

.25* 

.11 

-.13 

.34* 

-.09 

.13 

.04 

.34* 

.31* 

.22* 

*r< . 05 

One 

major 

result 

is  obvious  from 

the  data  in  Table  20: 

There  was  a 

tendency 

for  factor  scores  in 

one  subtest  to  correlate  more 

highly  with  factor 

scores  in  the  other  subtests 

within  the  White  group  than  within  the  Black 

group. 

For  example,  in  comparing  the  vocabulary  versus  the 

mathematics  test. 

there  were  a total  of 

five  factors  involved 

for  both  groups 

(three  vocabulary 

factors  and  two  mathematics  factors),  allowing  six  possible  pairings  of 
vocabulary  and  mathematics  factors.  In  the  White  group,  five  of  the  six  factor 
pairings  reflected  shared  variance  between  the  two  tests,  whereas  in  the  Black 
group  only  three  of  the  six  factor  pairings  were  related.  This  trend  was 
also  evident  in  the  other  test  pairs.  In  both  the  vocabulary  versus  spatial 
test,  and  mathematics  versus  spatial  test  comparisons,  four  factor  pairings 
reflected  significant  relationships  across  the  two  tests  for  Waites,  compared  to 
only  one  factor  pairing  for  Blacks.  In  addition  to  the  larger  number  of  sig- 
nificant correlations  in  the  White  group,  the  strength  of  these  relationships 
between  predictable  factors  across  the  tests  was  generally  stronger  in  the 
White  group. 


The  data  in  Table  20  support  the  results  of  the  test  score  intercorre- 
lation analysis  as  well  as  the  earlier  analysis  of  the  correlations  of  factor 
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loadings  between  the  two  racial  groups.  The  test  score  correlations  showed 
that  subtest  scores  were  more  highly  correlated  for  Whites  than  for  Blacks 
(see  Table  18);  the  factor  score  intercorrelations  described  here  support  this 
result  and  suggest  that  the  lower  subtest  intercorrelations  for  Blacks  may  in 
part  be  due  to  the  smaller  strength  and  number  of  predictable  aspects  (factors) 
of  performance  across  the  subtests.  The  correlations  of  factor  loadings  between 
racial  groups  (see  Tables  7,  10,  and  13)  had  suggested  that  different  factors 
were  being  measured  in  the  two  groups  with  the  same  sets  of  items;  the 
correlations  of  factor  scores  across  subtests  showed  that  the  factors  in 
different  tests  relate  to  each  other  differently  within  the  two  racial  groups, 
thereby  supporting  the  suggestion  that  different  factors  may  be  involved. 

Redundancies . Although  the  intercorrelations  among  the  test  scores  and 
factor  scores  for  the  two  racial  groups  suggested  higher  interrelationships 
for  the  Whites  than  for  the  Blacks,  the  results  in  Tables  18  and  20  did  not 
give  a clear  answer  as  to  the  amount  of  variance  among  subsets  of  scores  in 
common  between  the  tests  in  the  two  groups.  To  answer  this  question,  a 
redundancy  analysis  (Weiss,  1972)  was  computed  from  the  squared  multiple 
correlations  of  the  factor  scores  from  each  subtest  predicting  the  factor 
scores  in  the  other  subtests  within  each  racial  group.  Appendix  Table  A-6  gives 
the  squared  multiple  correlations  and  the  redundancy  values  for  each  pairing  of 
subtests  in  each  group;  the  redundancy  data  are  summarized  in  Table  21. 

Table  21 

Proportions  of  Variance  in  a Set  of  Factor  Scores  Predicted  by  the 

Other  Set  of  Factor  Scores  (Redundancies)  for  Black  and  White  Groups 

Vocabulary  vs.  Vocabulary  Mathematics 

Mathematics  vs.  Spatial  vs.  Spatial 


Black 

White 

Black 

White 

Black 

White 

Redundancy  of  Second 
Test  Factors  on 

First  Test  Factors 

7.0% 

10.7% 

5.3% 

11.2% 

8.0% 

9.57 

Redundancy  of  First 
Test  Factors  on 

Second  Test  Factors 

9.6% 

16.8% 

5.3% 

13.1% 

5.3% 

6.67 

For  both  racial  groups,  the  proportion  of  variance  in  the  mathematics 
factors  predicted  by  the  vocabulary  factors  (versus  the  proportion  of  variance 
in  the  vocabulary  factors  predicted  by  the  mathematics  factors)  indicated  that 
the  vocabulary  factors  were  better  predictors  of  the  mathematics  factors 
(redundancies  of  9.6%  and  16.8%)  than  vice  versa.  This  is  not  surprising, 
since  the  majority  of  the  mathematics  items  were  of  the  word-problem  variety 
and  thus  might  be  expected  to  be  more  influenced  by  verbal  ability  than  the 
vocabulary  test  would  be  by  mathematics  ability. 

The  results  for  the  two  racial  groups  indicate  a lower  degree  of  common 
variance  between  the  mathematics  and  vocabulary  factors  for  the  Blacks  than 
for  the  Whites.  In  the  Black  group  the  vocabulary  test  factors  accounted  for 
9.67,  of  the  variance  of  the  mathematics  factors,  while  in  the  White  group 
vocabuLary  accounted  for  16.8%  of  the  variance  in  the  mathematics  factor  scores. 
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X'Jlien  vocabulary  factors  were  predicted  from  mathematics  factors,  7%  of  the 
variance  was  accounted  for  in  the  R'ack  group,  while  10.7%  was  accounted  for 
in  the  White  group. 

A similar  pattern  of  results  was  found  for  the  other  pairings  of 
subtest  factors.  In  general,  the  proportions  of  variance  in  a set  of  factor 
scores  accounted  for  by  the  other  test's  factor  scores  was  less  in  the  Black 
group  than  in  the  White  group.  The  largest  differences  occurred  when  the 
vocabulary  test  was  one  of  the  variable  sets,  particularly  when  it  was  the 
"predictor"  set.  This  occurred  in  spite  of  the  fact  that  the  largest  White 
factor,  and  to  a lesser  extent  the  second  White  factor,  contained  a "bias" 
component,  i.e.,  correlated  moderately  with  the  item  bias  index,  as  shown  above. 
From  Table  20,  however,  it  can  be  seen  that  the  largest  White  vocabulary  factor 
was  not  as  predictive  of  the  primary  mathematics  and  spatial  factors  as  the 
second  and  third  White  factors  nor  as  predictive  as  the  primary  Black  vocabulary 
factors  in  predicting  the  mathematics  factors.  This  is  consistent  with  the 
interpretat ion  of  the  largest  White  vocabulary  factor  as  being  largely  a "bias" 
factor,  since  such  a factor  would  be  expected  to  relate  less  to  more  legiti- 
mate factors  in  the  other  tests.  Only  small  racial  group  differences  in 
variance  accounted  for  occurred  in  the  relationship  between  the  mathematics  and 
spatial  tests. 


DISCUSSION  AND  CONCLUSIONS 

Tiiis  research  was  concerned  with  (1)  the  extent  to  which  ability  test 
performance  of  Blacks  and  Whites  differed  on  a number  of  kinds  of  ability  test 
items,  (2)  the  analysis  of  some  demographic  variables  related  to  observed 
differences,  (3)  the  use  of  an  index  of  item-by-group  interaction  to  identify 
biased  test  items,  (4)  an  analysis  of  racial  group  differences  in  the  structure 
of  their  responses  to  ability  test  items,  and  (5)  an  analysis  of  racial  group 
differences  in  relationships  among  performance  on  different  ability  domains. 

Analysis  of  variance  of  total  number-correct  scores  on  the  vocabulary, 
matin -mat ics,  and  spatial  subtests  showed  significant  mean  differences  in  scores 
f<>r  ill  subtests,  with  Whites  averaging  higher  than  Blacks.  In  the  vocabulary 
test,  however,  this  effect  could  not  be  interpreted  independently  of  sex  and 
parents'  educational  level.  The  race  effect  was  consistent  only  for  Black 
males  who  averaged  lower  than  all  other  groups  at  all  parental  educational 
levels.  The  results  for  tiie  three  tests  generally  concurred  with  most  other 
studies  which  have  examined  Black  and  White  differences  on  mental  ability 
tests.  The  results  for  the  vocabulary  test  were  most  interesting,  since  more 
items  were  specifically  oriented  toward  Blacks  than  toward  Whites.  The 
generally  lower  mean  scores  for  Blacks  on  these  three  tests  did  not  seem 
attributable  to  socioeconomic  differences,  at  least  as  indexed  by  parents' 
educational  level,  since  the  groups  were  comparable  on  this  variable. 

In  the  vocabulary  test,  significant  mean  differences  were  found  for 
parents'  educational  level  and  sex,  but  the  significant  two-way  interaction  of 
parents'  educational  level  and  sex  and  the  race  * education  x sex  three-way 
interaction  reduced  the  interpretative  significance  of  these  differences, 
■'.'umber-correct  scores  generally  increased  with  increasing  parental  education 
except  for  Black  males.  No  sex  or  education  effect  was  found  in  the  mathe- 
matics tost,  while  in  the  spatial  test  the  main  effect  for  parents'  educational 
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level  was  statistically  significant;  but  higher  parental  education  was  only 
associated  with  higher  spatial  scores  in  the  White  group.  However,  even  for 
Whites,  the  size  of  the  mean  difference  was  small.  Thus,  parents'  educational 
level  was  related  more  to  vocabulary  test  scores  than  to  mathematics  or 
spatial  scores. 

While  the  race  differences  generally  found  in  this  study  concur  with  most 
prior  research,  the  results  relating  to  the  parental  education  and  sex 
variables  did  not  clearly  replicate  previous  findings  in  all  cases.  Two 
recent  books  (Garai  & Sheinfeld,  1968;  MacCoby  & Jacklin,  1974)  have  reviewed 
much  of  the  literature  on  sex  differences  and  concluded  that  the  evidence 
supports  male  superiority  on  tests  of  mathematical  and  spatial  abilities. 

While  the  two  reviews  drew  somewhat  differing  conclusions  on  sex  differences 
in  various  measured  vocabulary  abilities  (e.g.,  analogies,  word  fluency, 
verbal  reasoning,  comprehension),  both  concluded  that  females  have  shown 
superior  ability  to  males  in  word  fluency,  a type  of  vocabulary  ability  which 
would  seem  to  be  somewhat  related  to  the  vocabulary  test  used  in  the  present 
study.  The  frequent  finding  of  male  superiority  on  tests  of  mathematical  and 
spatial  abilities  reported  by  these  authors  was  not  replicated  here.  On  the 
vocabulary  test.  Black  females  scores  higher  than  Black  males  at  all  parental 
educational  levels.  However,  for  Whites  there  was  an  interaction  of  the  sex 
variable  with  parental  educational  level,  with  females  scoring  higher  at  only 
the  middle  parental  educational  level.  Thus,  the  usual  finding  of  female 
dominance  on  this  type  of  test  was  only  partially  replicated. 

The  strong  relationship  between  measured  intelligence  and  socioeconomic 
level  is  well  documented  (for  a review,  see  Tyler,  1965).  To  the  extent  that 
the  composite  parental  education  index  used  in  this  study  indexes  socioeconomic 
class,  higher  intelligence  levels  would  be  expected  in  the  students  with 
higher  parental  educational  levels  due  to  a genetic  contribution;  and  such 
differences  would  be  reflected  in  the  three  tests  used  in  this  study. 

In  addition  to  the  genetic  contribution  to  higher  test  scores  that  would 
be  predicted  by  higher  parental  intelligence  levels,  differences  in  the  home 
environment  provided  by  parents  with  varying  degrees  of  education  might  be 
expected  to  be  related  to  test  scores,  although  some  evidence  suggests  that  this 
effect  may  contribute  less  to  performance  on  the  spatial  test  than  to 
performance  on  the  vocabulary  and  mathematics  tests  (Mar joribanks , 1972). 

Because  of  the  small  number  of  students  reporting  parents'  education  at  various 
levels  in  this  study,  it  was  necessary  to  collapse  the  original  six  educational 
categories  into  three  levels  for  the  analyses  performed.  The  resulting  educa- 
tional levels  ("some  high  school,"  "high  school  diploma,"  "some  post-high 
school  ")  did  not  provide  as  discriminating  measures  of  parents'  educational 
level  as  had  been  hoped  for,  and  this  might  be  expected  to  reduce  any 
relationship  between  this  variable  and  scores  on  the  three  ability  tests. 

Nonetheless,  significant  effects  for  the  parental  education  variable  were 
obtained  in  both  the  vocabulary  and  spatial  tests,  even  though  the  mean  diff- 
erences in  the  spatial  test  were  not  of  much  practical  significance.  In 
addition,  the  trend  of  vocabulary  scores  over  increasing  educational  levels 
depended  on  the  race  and  sex  group  concerned.  The  education  variable  seemed 
important  for  all  groups  except  the  Black  males. 

• No  significant  effect  for  parental  education  for  the  mathematics  test  was 
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found,  contrary  to  what  would  be  expected  from  previous  research.  The  relatively 
low  mean  scores  for  all  groups  on  this  test  suggest  that  this  test  might  have 
been  too  difficult  for  the  sample  tested,  which  might  have  resulted  in  the 
lack  of  relationship  with  the  parental  education  variable. 

Application  of  ICC  theory  item  parameterization  techniques  to  the  vocabu- 
lary data  showed  that  item  parameter  estimates  could  be  obtained  for  the 
majority  of  the  items,  although  the  first  principal  component  represented  only 
15%  of  the  total  variance  in  the  vocabulary  test  items  in  the  White  group  and 
about  10%  of  the  total  vocabulary  item  variance  in  the  Black  group. 

An  item-by-group  index  of  item  bias  was  computed  for  each  vocabulary  item 
by  subtracting  the  ICC  item  difficulty  ( b ) parameter  obtained  in  the  White 
group  from  the  difficulty  parameter  in  the  Black  group.  Results  showed  that, 
on  the  average,  items  were  (1)  more  difficult  for  Blacks,  (2)  about  equally 
discriminating  in  the  two  groups,  and  (3)  more  biased  in  favor  of  Whites. 

Examination  of  the  item  parameter  characteristics  for  "Black-type"  words 
separately  from  the  rest  of  the  calibrated  item  pool  indicated  that  the 
"Black-type"  items  were  more  discriminating  for  Blacks  than  for  Whites,  while 
the  rest  of  the  item  pool  was  more  discriminating  for  Whites.  The  "Black-type" 
words  were  less  discriminating  than  the  remainder  of  the  items  for  both  groups. 
Since  average  item  discrimination  is  positively  related  to  the  magnitude  of 
internal  consistency  reliability  coefficients  as  well  as  to  values  of  test 
information  (both  of  which  are  indices  which  reflect  the  precision  in  responses 
to  a set  of  test  items),  this  result  suggests  that  more  precise  estimates  of 
the  verbal  ability  of  Blacks  would  not  be  obtained  by  using  "Black-type"  test 
items  of  the  type  used  in  this  study  rather  than  "non-Black-type"  items. 

A comparison  of  the  factor  structures  for  Whites  and  Blacks  on  the  three 
subtests  concluded  that 

1.  There  was  substantial  specific  item  variance  in  each  of  the  three 
tests  for  both  groups. 

2.  In  all  tests  the  strength  of  the  first  factor  was  larger  for  Whites 
than  for  Blacks. 

3.  While  the  number  of  important  factors  appeared  to  be  the  same  in  both 
groups,  the  patterns  of  item  loadings  on  these  factors  indicated  that 
the  nature  of  the  factors,  except  for  the  mathematics  test,  differed 
for  the  two  groups.  In  particular,  the  largest  vocabulary  factor  in 
the  White  group  did  not  correspond  to  any  similar  factor  in  the  Black 
group.  This  last  result  differs  from  most  previous  comparisons  of 
factor  structures  in  Black  and  White  groups,  which  have  generally 
found  that  dimensions  measured  were  the  same  in  the  two  groups  but 
that  the  levels  of  performance  on  each  dimension  differed. 

Many  previous  studies  which  found  similar  factor  structures  for  Blacks  and 
Whites  utilized  widely  used  standardized  tests  from  which  biased  items  have 
largely  been  eliminated  based  on  previous  analyses.  In  this  study,  items  written 
specifically  for  Blacks  and  Whites  were  purposely  included  in  the  vocabulary 
test  in  order  to  test  the  methodology  of  identifying  possibly  biased  items 
using  an  index  of  item  bias  derived  from  ICC  theory  and  to  investigate  in  a 


-29- 


subsequent  study  the  use  of  computerized  adaptive  testing  techniques  to  reduce 
this  bias.  While  the  items  written  specifically  for  Whites  did  not  define 
a separate  factor  in  either  group's  factor  solutions,  the  largest  White 
vocabulary  factor  seemed  to  be  largely  defined  by  the  words  written  specifically 
for  Blacks.  No  such  "bias"  factor  appeared  in  the  Black  group,  presumably 
because  this  group  was  more  homogeneous  with  respect  to  these  items.  As  a 
result,  the  finding  of  differential  factor  structures  in  the  present  study, 
in  contrast  to  previous  research,  is  not  surprising.  Indeed,  the  finding  of 
differential  factor  structures  when  potentially  biased  items  were  introduced 
supports  the  utility  of  an  index  of  item  bias  and  comparative  factor  analyses 
in  eliminating  such  differences.  A subsequent  study  will  evaluate  the  use  of 
the  bias  index  reported  here  in  conjunction  with  computerized  adaptive  testing 
techniques  to  reduce  differences  in  level  and  dimensions  of  performance  between 
racial  groups. 

Three  analyses  were  concerned  with  the  question  of  the  similarities 
between  the  two  racial  groups  in  variance  overlap  among  the  three  kinds  of 
ability  tests.  The  raw  scores  on  the  three  tests  were  intercorrelated  for 
Blacks  and  Whites;  all  test  intercorrelations  were  significant  except  for  the 
correlation  between  vocabulary  and  spatial  scores  for  Blacks.  There  was  a 
consistent  trend  for  the  White  correlations  to  be  larger  than  the  Black 
correlations,  although  the  differences  were  not  statistically  significant. 

In  the  second  analysis  concerned  with  variance  overlap,  factor  scores 
computed  separately  for  each  racial  group  on  each  of  the  subtest  factors  were 
correlated  with  factor  scores  for  each  of  the  other  subtests.  These  results 
supported  both  the  correlations  of  total  scores  and  the  comparison  of  factor 
structures  between  the  racial  groups.  The  correlations  between  factor  scores 
on  different  tests  for  the  Blacks  were  consistently  lower  than  for  the  Whites. 

In  addition,  there  were  different  patterns  of  intercorrelations  for  the  two 
racial  groups,  supporting  other  analyses  which  indicated  that  the  same  tests 
measure  different  components  of  ability  in  the  two  racial  groups. 

Ttie  redundancy  analysis  supported  the  other  two  variance  overlap  analyses, 
indicating  that  there  was  less  shared  variance  between  the  subtests  for  the 
Black  group  than  for  the  White  group.  The  largest  differences  occurred  for 
test  pairings  which  included  the  vocabulary  test,  suggesting  that  differences 
in  vocabulary  ability  are  somehow  important  in  reducing  variance  overlap  in 
abilities  for  the  Blacks.  This  finding  is  probably  not  due  to  the  lower 
internal  consistencies  for  the  Blacks,  since  the  difference  in  internal 
consistencies  was  smallest  for  the  vocabulary  test. 

The  data  of  this  study  indicate  that  using  number-correct  scores.  Blacks 
generally  performed  less  well  on  tests  of  vocabulary,  mathematics,  and  spatial 
ability  than  did  Whites;  but  additional  data  analysis  indicated  that  a number 
of  variables  confounded  the  interpretation  of  this  finding.  In  the  vocabulary 
test, race,  parental  education,  and  sex  all  interacted  with  each  other.  Thus, 
to  the  extent  that  group  mean  differences  on  this  test  were  in  fact  due  to 
bias  in  the  test,  the  exact  nature  and  interpretation  of  this  bias  is  complex. 

At  the  item  level,  more  items  in  the  vocabulary  test  were  shown  to  be  biased 
against  Blacks  than  against  Whites,  as  indexed  by  the  difference  in  ICC  diffi- 
culty parameters  for  the  two  groups.  This  occurred  despite  the  inclusion  of 
more  words  written  specifically  for  Blacks  than  for  Whites.  With  very  few 
exceptions,  the  only  words  which  favored  Blacks  (i.e.,  had  a negative  bias 
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index)  were  those  written  specifically  for  Blacks  (see  Appendix  Table  A-5) . 

This  suggests  that  either  a majority  of  the  items  in  the  test  were  biased,  or 
that  the  vocabulary  ability  level  of  the  Black  group  was  in  fact  lower  than 
that  of  Whites  in  the  sample. 

Also  confounding  the  interpretation  of  the  racial  group  mean  differences 
was  the  differential  structure  of  two  of  the  tests  for  the  two  racial  groups. 

The  data  showed  substantial  group  differences  in  both  the  within-test  structures 
and  the  between-test  relationships.  It  is  clear  from  these  data  that  the 
subtests  did  not  measure  the  same  factors  in  the  two  racial  groups  and  that 
the  organization  of  the  abilities  as  measured  by  these  subtests  differed  for 
the  two  groups.  It  was  suggested  that  the  largest  White  vocabulary  factor 
was  largely  a "bias"  factor,  being  defined  in  large  part  by  the  variance 
associated  with  White  performance  on  "Black-type"  items.  Had  these  items  not 
been  included  in  the  vocabulary  test,  the  factor  structures  would  likely  have 
been  more  similar  for  the  two  groups. 

The  presence  of  group  differences  in  factor  structure  for  the  tests  as 
given,  however,  makes  the  meaningfulness  of  number-correct  scores  as  a basis 
for  group  comparisons  questionable.  With  the  same  test  measuring  different 
components  of  ability  in  the  two  racial  groups,  number-correct  scores  will  be 
composed  of  these  different  abilities  in  different  degrees.  The  effect, 
then,  of  directly  comparing  number-correct  scores  between  the  two  groups  is 
that  of  comparing  "apples"  and  "oranges."  A conclusion  of  meaningful  racial 
group  differences  in  mean  ability  scores  can  only  be  valid  if  it  can  be 
demonstrated  that  the  tests  are  measuring  the  same  variable  for  the  two  groups. 
Both  the  factor  analyses  and  the  variance  overlap  analysis  indicate  that  the 
abilities  measured  here,  especially  the  vocabulary  and  spatial  abilities, 
were  measured  differently  in  Black  and  White  students,  even  though  the  same 
tests  were  used;  consequently,  direct  comparisons  of  these  groups  on  number- 
correct  scores  is  inappropriate.  The  use  of  an  index  of  item  bias  in  conjunc- 
tion with  factor  and  redundancy  analyses  can  assist  in  determining  whether 
number-correct  scores  represent  the  same  components  of  ability  for  different 
groups  and  thus  can  be  meaningfully  compared. 
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APPENDIX  A:  SUPPLEMENTARY  TABLES 


Table  A-l 

Sources  for  Black  Vocabulary  Words 

Giovanni,  Nikki.  Black  Judgement.  Detroit,  Michigan: 
Broadside  Press,  1968. 

Hughes,  Langston.  Selected  Poems.  New  York:  Knopf,  1966. 

Hughes,  Langston.  Good  Morning  Revolution.  New  York: 
Lawrence  Hill,  1973. 

Major,  Clarence.  Dictionary  of  Afro-American  Slang. 

New  York:  International  Publishers,  1971. 

Ellison,  Ralph.  Invisible  Man.  New  York:  Signet,  1947. 

Little,  Malcolm.  Malcolm  X on  Afro-American  History. 

New  York:  Pathfinder  Press,  1970. 


Little,  Malcolm.  By  Any  Means  Necessary.  (Edited  by 

George  Breitman) . New  York:  Pathfinder 
Press,  1970). 


i. 
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Table  A- 2 

__  Examples  of  Vocabulary  Items 

Items  from  Black  Literature  anil  Black  Psychologist 
Ranking  Gate-mouth 


1. 

Murdering 

1 . 

Gossiper 

2. 

Exchange  of  insults 

2 

Doorway 

3. 

Pig's  intestines 

3. 

lazz  musician 

4. 

Fried  cow's  tail 

4. 

Dog 

5 . 

Olympic  event 

3. 

Fat  person 

Shiv 

Swag 

1. 

Politician 

1. 

Construction  worker 

2. 

Genius 

t 

beggar 

3. 

Book 

3. 

Corrupt  politician 

4. 

Drifter 

4. 

tolen  goods 

5. 

Knife 

5 . 

Garbage 

White"  type  items  from  Webster's 

Seventh  Collegiate  Dictionary 

Borsch 

Torte 

i . 

Overcoat 

1. 

Cake 

2. 

Dog 

2 . 

Twist 

3. 

Porter 

3. 

Shirt 

4. 

Soup 

4. 

Crime 

3. 

Chamber 

5. 

Answer 

Afghan 

Gefilte  Fish 

1. 

A1  ien 

1. 

Type  of  fish 

O 

Harbor 

2 . 

A game 

3. 

Canvas 

3. 

Food 

4. 

Vista 

4. 

A sport 

5. 

Blanket 

5. 

Sucker 

terns  from 

Standardized  Vocabulary 

Tests 

Accumulate 

Reinforce 

1. 

Become  cloudy 

1. 

Speak  loudly 

2. 

Get  angry 

2 . 

Come  again  to 

3. 

Get  dirtv 

3. 

Revise 

4. 

Imitations 

4. 

Apply  again 

5 . 

Claws 

5. 

Make  stronger 

Oppressed 

Capitulate 

1. 

Wr ink  led 

1. 

Ent it le 

o 

Expressed 

2. 

Surrender 

3. 

Musically  talented 

3. 

Behead 

4. 

Disowned 

4. 

Put  in  charge 

) . 

Put  down 

5 . 

Congratulate 

j| 
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Table  A- 3 

Sample  Items  from  the  Mathematics  Test 


Nancy  bought  8 feet  of  ribbon. 
The  ribbon  was  taken  from  a roll 
4 yards  long.  How  many  inches 


A tent  is  18  feet  long  and  14 
feet  wide.  How  many  square  feet 
does  the  floor  of  the  tent  cover? 


were  left  on  the  roll  after  the 

A. 

32  square  feet 

sale? 

B. 

64  square  feet 

A.  4 inches 

C. 

152  square  feet 

B.  24  inches 

D. 

252  square  feet 

C.  36  inches 

E. 

none  of  these 

D.  48  inches 

E.  none  of  these 

John  bought  a bicycle  for  1/5  as 

A roll  of  paper  8 1/4  feet  wide 
is  to  be  cut  into  strips  9 
inches  wide.  How  many  strips 

much  money  as  Sam.  Sam  paid 

can 

be  cut  from  this  roll? 

$85.00.  How  much  did  John  pay? 

A. 

9 strips 

A.  $17.00 

B. 

10  2/3  strips 

B.  $40.15 

C. 

11  strips 

C.  $68.00 

D. 

17  1/4  strips 

D.  $80.00 

E. 

none  of  these 

E.  none  of  these 

The  milk  man  had  two  containers. 

A television  normally  sells 
for  $596.  During  a sale  it  was 

One  was  filled  with  3.3  quarts 

reduced  by  22%.  By  how  much  was 

of  milk,  and  the  other  with 

the 

item  reduced? 

2.199  quarts.  How  much  more 

A. 

$119.20 

milk  was  in  one  container 

B. 

$121.12 

than  the  other? 

C. 

$131.12 

A.  1.101  quarts 

D. 

$464.88 

B.  1.201  quarts 

E. 

none  of  these 

C.  2.101  quarts 

D.  5.499  quarts 

E.  none  of  these 

One 

quart  of  lemonade  was  poured 

from  a 7 gallon  jug.  How 
many  pints  of  lemonade  are 


The 

price  of  a new  car  is  $4565.08. 

left 

in  the  jug? 

Las 

year  the  car  was  $577.79  less. 

A. 

48  pints 

How 

much  was  last  year's  model? 

B. 

54  pints 

A. 

$2989.29 

C. 

64  pints 

B. 

$3087.29 

D. 

108  pints 

C. 

S3B87.29 

E. 

none  of  these 

D. 

S3987.29 

E. 

none  of  these 

Table  A-4 

Percentages  of  Highest  Educational  Level  Attained  by 
Fathers  and  Mothers  as  Reported  by  Students  in  Each  Test  Group 


Racial  Group Combined 


Highest  Educational 

Blacks 

Whites  • 

Racial 

Groups 

Level  Attained 

Father 

Mother 

Father 

Mother 

Father 

Mother 

Vocabulary  Test  Group 

(N= 90) 

(717=167) 

GV= 

257) 

Not  Reported 
Responded  "Not 

14.45 

8.9 

3.0 

1.8 

7.0 

4.3 

Applicable" 

Did  Not  Complete 

15.6 

10.0 

7.2 

2.4 

10.1 

5.1 

High  School 
Finished  High 

16.7 

15.6 

28.1 

18.6 

24.1 

17.5 

School 

25.6 

25.6 

35.3 

55.1 

31.9 

44.7 

Some  College  or 

Post-High  School 

16.7 

22.2 

13.2 

11.4 

14.4 

15.2 

Finished  College 
Attended  Graduate 

5.6 

11.1 

9.6 

8.4 

8.2 

9.3 

or  Professional 
School 

5.6 

6.7 

3.6 

2.4 

4.3 

3.9 

Math  and  Spatial  Test 

Group  (N= 81) 

(,V= 

180) 

0V= 

=261) 

Not  Reported 
Responded  "Not 

19.8 

24.7 

7.8 

5.6 

11.5 

11.5 

Applicable" 

Did  Not  Complete 

18.5 

11.1 

7.8 

5.0 

11.1 

6.9 

High  School 
Finished  High 

17.3 

12.3 

25.0 

17.2 

22.6 

15.7 

School 

19.7 

23.5 

40.6 

56.1 

34.1 

46.0 

Some  College  or 

Other  Post  High 
School 

16.0 

19.8 

7.8 

10.0 

10.  3 

13.0 

Finished  College 
Attended  Graduate 

8.6 

3.7 

6.7 

5.6 

7.3 

5.0 

or  Professional 
School 

0.0 

4.9 

4.4 

.6 

3.1 

1.9 
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Table  A-5 

Item  Characteristic  Curve  Discrimination  (c)  and  Difficulty  (J)  Parameters 
for  the  Black,  White,  and  Combined  Groups,  and  the  Corresponding 
Bias  Index  for  the  Total  Combined  Group 


Item  Stem 

Item 

Number 

Blacks 

(77=92) 

Whites 

(.7=173) 

Combined  Group 
(7=265) 

Bias 

a 

~b 

a 

a 

1. 

Torte 

1201 

1.24 

1.27 

.85 

.93 

.98 

1.01 

.33 

2. 

Ranking 

1202 

.30 

.58 

.34 

.68 

.33 

.65 

-.11 

3. 

Pulpit 

1204 

.25 

.82 

.50 

.41 

.43 

.52 

.41 

4. 

Sober 

1205 

.74 

-1.95 

.56 

-2.71 

.65 

-2.31 

.77 

5. 

Sh  iv 

1206 

.43 

1.51 

.18 

1.41 

.28 

1.54 

.09 

6. 

Evict 

1207 

1.23 

.43 

1.26 

.00 

1.34 

.16 

.44 

7. 

Turmoi 1 

1208 

.34 

.94 

1.07 

.02 

.74 

.22 

.92 

8. 

Discuss 

1209 

.69 

-2.50 

.71 

-2.59 

.67 

2.67 

.09 

9. 

Contain 

1210 

.13 

-6. 14 

.39 

-2.13 

.32 

-2.62 

4.01 

10. 

Wail 

1211 

2.75 

.36 

2.17 

.07 

2.27 

. 18 

.29 

11. 

Triumph 

1212 

1.27 

-.11 

.87 

-1.44 

.95 

-.87 

1.33 

12. 

Backgammon 

1213 

.53 

1.37 

1.17 

.24 

.98 

.47 

1.12 

13. 

Igg 

1214 

.00 

59.27 

.16 

3.53 

.04 

8.48 

55.74 

14. 

Indictment 

1219 

.64 

1.31 

1.31 

.28 

1.10 

. 38 

.41 

15. 

Shouting 

1223 

.45 

-1.23 

.08 

4.23 

.09 

.84 

-5.46 

lb. 

Unemployed 

1224 

.71 

-2.29 

.87 

-2.77 

.79 

-2.55 

.48 

17. 

Sanctuary 

1225 

.76 

.73 

.78 

.33 

.84 

.48 

.40 

18. 

Corrupt 

1227 

.55 

1.07 

1.77 

.17 

1.19 

.34 

.90 

19. 

Oppressed 

1228 

.85 

.36 

1.19 

.17 

1.07 

.26 

.19 

20. 

Diplomatic 

1231 

1.80 

.73 

.69 

-.04 

.85 

.25 

.77 

21. 

Fry 

1232 

.59 

.87 

.24 

4.23 

.26 

3.17 

-3.  36 

22. 

Long  Money 

1233 

.06 

13.86 

.29 

3. 13 

.19 

4.48 

10.73 

23. 

Lobster 

1234 

1.29 

-1.47 

.76 

-2.13 

.90 

-1.83 

.66 

24. 

Tatars 

1235 

.88 

-.94 

.75 

-.95 

. 79 

-9.44 

.01 

25. 

Enemy 

1236 

.49 

.09 

.89 

-.42 

.75 

-2.  55 

.51 

26. 

Cameo 

1238 

.38 

3.17 

.89 

.20 

.79 

.64 

2.97 

27. 

Yam 

1239 

.90 

-1.85 

.49 

-1.49 

. 52 

-1.66 

-.36 

28. 

Exploit 

1240 

.82 

1.47 

.97 

. 72 

.97 

.91 

.74 

29. 

Chitterlings 

1242 

.84 

-2.06 

.28 

2.51 

.09 

.81 

-4.  57 

30. 

Ascot 

1243 

.56 

2.30 

1.53 

1.02 

1.22 

1.23 

1.28 

31. 

Dominat ion 

1244 

.61 

.78 

1.43 

.27 

1.06 

.39 

.51 

32. 

Cl  ip 

1245 

.32 

2.  39 

.14 

6.83 

.22 

3.98 

-4.44 

33. 

Bal ler ina 

1246 

1.44 

-.56 

.74 

-1.19 

.93 

-.88 

.62 

34. 

Cap i tu late 

1247 

.07 

19.  93 

.10 

16. 19 

.10 

16.84 

3.74 

35. 

Slide 

1248 

.25 

-1.34 

.41 

-.23 

. 35 

-.50 

-1.11 

36. 

Scratch 

1249 

.55 

3.61 

.60 

2.08 

.64 

2.31 

1.53 

37. 

Rigid 

1251 

.66 

2.49 

1.31 

.48 

1.11 

.84 

2.01 

33. 

Upp  i tv 

1252 

.71 

-.44 

.54 

.10 

.56 

-.12 

-.54 

39. 

Linoleum 

1254 

2.87 

-.90 

1.45 

-1.05 

1.68 

-.60 

.95 

40. 

Marking 

1257 

.70 

-1.24 

.62 

1.84 

.22 

1.61 

-3.08 

41. 

Badger 

1259 

. 66 

-.71 

2.18 

-1.01 

1.20 

-.91 

.30 

42. 

Lynch 

1262 

.70 

-1.16 

.86 

-.81 

.76 

-.94 

-.  35 

43. 

Hew 

1264 

.69 

3.09 

.47 

2.57 

.58 

2.54 

.52 

44. 

Roust 

1265 

.59 

1.53 

1.18 

-.03 

1.03 

. 32 

1 . 55 

45. 

Gig 

1268 

.54 

.08 

1.01 

-1.85 

-.03 

.00 

.11 

(continued  on  next  page) 
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Table  A-5 (continued) 

Item  Characteristic  Curve  Discrimination  (a)  and  Difficulty  (£>)  Parameters 
for  the  Black,  White,  and  Combined  Groups,  and  the  Corresponding 
Bias  Index  for  the  Total  Combined  Group 


Item 

Blacks 

(7V=92) 

Whites 

(77=173) 

Combined  Group 
.7=265) 

Item  Stem 

Number 

a 

b 

a 

b 

a 

1 

D 

Bias 

46.  Testify 

1272 

.66 

■1.54 

.55 

-1.85 

.63 

-1.59 

.31 

47.  Rap 

1275 

.60 

■2.25 

.51 

-2.21 

.56 

-2.04 

-.03 

48.  Cracklins 

1278 

.58 

.53 

.24 

4.50 

. 22 

3.43 

-3.97 

49.  Agile 

1279 

.40 

2.34 

.81 

.73 

.68 

1.05 

1.61 

50.  Gatemouth 

1280 

.49 

.46 

.96 

.29 

.75 

.34 

. 16 

51.  Aardvark 

1281 

.94 

.44 

.74 

-.96 

.84 

-.38 

1.40 

52.  Rehearse 

1282 

1.47 

-.47 

.93 

-1.27 

1.08 

-.91 

.79 

53.  Custody 

1284 

.88 

.51 

1.06 

.44 

1.01 

-.09 

.94 

54.  Lush 

1286 

11.22 

1.12 

.53 

3.59 

.77 

2 . 29 

-2.47 

55.  Retrieve 

1287 

.84 

.11 

.61 

-.94 

.73 

-.  47 

1.05 

56.  Imply 

1289 

.53 

1.27 

1.28 

-.11 

1.07 

. 17 

1.39 

57.  Irritate 

1293 

1.78 

-.14 

.80 

-.78 

1.07 

-.47 

.64 

58.  Gay 

1294 

.57 

■1.26 

.27 

-4.19 

.39 

-2.4  3 

2.93 

59.  Dune 

1295 

.90 

-.13 

.89 

-1.22 

.91 

— . 7 / 

1.08 

60.  Analyze 

1297 

.71 

1.18 

.74 

.14 

.76 

.45 

1.04 

61.  Solitary 

1298 

1.26 

.09 

.86 

-.51 

1.01 

-.28 

.60 

62.  Croak 

1299 

.34 

-.18 

. 66 

.02 

.53 

-.03 

-.20 

63.  Blunder 

1300 

.98 

1.18 

1.12 

.54 

1 . 22 

.71 

.64 

64.  Pig 

1301 

.37 

-.54 

.28 

-.33 

.28 

-.53 

-.21 

65.  Bequeath 

1302 

.63 

1.84 

3.06 

.64 

1.49 

.87 

1.21 

66.  Afghan 

1304 

.87 

.20 

.95 

-.57 

.94 

-.31 

.77 

67.  Arbitrate 

68.  African 

1305 

1.02 

1.91 

1.83 

.88 

1.33 

1.14 

1.03 

dominoes 

1309 

.72 

.95 

.34 

1.25 

.45 

1.10 

-.30 

69.  Allow 

1310 

1.17 

-.61 

.84 

-.95 

.91 

-.85 

. 35 

70.  Triple 

1311 

.92 

-.58 

.62 

-1 . 93 

.77 

-1.22 

1.35 

71.  Svmbol 

1312 

.72 

-.49 

.51 

-1.31 

.62 

-.91 

.82 

72.  Reinforce 

1313 

.82 

.06 

.83 

-.41 

.89 

-.23 

.47 

73.  Specify 

1315 

1.32 

.55 

1.02 

-.39 

1.16 

-.05 

.95 

74.  Clarify 

1316 

.42 

1.33 

.67 

-.13 

.65 

.25 

1.46 

75.  Gadget 

1320 

1.21 

-.24 

1.41 

-.84 

1.31 

-.62 

.59 

76.  Caravan 

1321 

2.23 

1.02 

.80 

.49 

.96 

.68 

.52 

77.  Minimum 

1322 

.99 

46 

.57 

-1.48 

.74 

-.96 

1.02 

78.  Decode 

1323 

1.39 

.01 

1.14 

-.68 

1.19 

-.40 

.68 

79.  Tense 

1324 

1.32 

.29 

.61 

-.47 

.84 

-.  10 

.76 

80.  Precede 

1325 

.82 

1.47 

.81 

.38 

.87 

.69 

1.09 

Table  A-6 


Squared  Multiple  Correlations  of  Factor  Scores 
Subtest  Predicted  from  Factor  Scores  in  Other 
and  Redundancy  Values,  by  Racial  Group 

in  Each 
Subtests , 

R 2 and  Redundancies 

Variables 

Blacks 

Whites 

Prediction  of  Vocabulary  (V)  from 

Mathematics  (M)  Factor  Scores 

VI  from  Ml,  M2 

.089 

.068 

V2  from  Ml,  M2 

.062 

.139 

V3  from  Ml,  M2 

.159 

.095 

Redundancy 

7.0% 

10.7% 

Prediction  of  Mathematics  (M)  from 

Vocabulary  (V)  Factor  Scores 

Ml  from  VI,  V2 , V3 

.131 

.242 

M2  from  VI,  V2,  V3 

.062 

.093 

Redundancy 

9.6% 

16.8% 

Prediction  of  Vocabulary  (V)  from 

Spatial  (S)  Factor  Scores 

VI  from  SI,  S2 , S3 

.09 

.118 

V2  from  SI,  S2,  S3 

.03 

.159 

V3  from  SI,  S2,  S3 

.04 

.058 

Redundancy 

5.3% 

11.2% 

Prediction  of  Spatial  (S)  from 

Vocabulary  (V)  Factor  Scores 

SI  from  VI,  V2 , V3 

.053 

.168 

S2  from  VI,  V2 , V3 

.026 

.072 

S3  from  VI,  V2,  V3 

.087 

.154 

Redundancy 

5.3% 

13.1% 

Prediction  of  Mathematics  (M)  from 

Spatial  (S)  Factor  Scores 

Ml  from  SI,  S2,  S3 

.034 

.127 

M2  from  SI,  S2,  S3 

.126 

.059 

Redundancy 

8.0  % 

9.5% 

Prediction  of  Spatial  (S)  from 


Mathematics  (M)  Factor  Scores 


Si  from  Ml,  M2 

.036 

.081 

S2  from  Ml,  M2 

.012 

.041 

S3  from  Ml,  M2 

.118 

.081 

Redundancy 

5.3% 

6.6% 
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Figure  B-2 

Biographical  Questionnaire 


r 


FOR  RESEARCH  PURPOSES  ONLY 

Please  PRINT  your  name  on  the  line  below: 


Last  Name 


First  Name  Initial 


1.  Sex 

i — l Male  33  Female 


1 

I 


Class 


2.  Race 

Afro-American  (Black) 
Mexlcan-American 
Puerto-Rican 
Other  Latin-American 


i — i Oriental  or  Asian-American 
133  Native-American  (Indian) 
i — | White 

I — | Other,  specify:  


\ 


3.  What  was  the  highest  educational  level  each  of  the  following  persons 
completed?  If  you  are  not  sure,  please  give  your  best  guess. 


Doesn't  apply 

Did  not  complete  high  (secondary 
school 


(Check  one  box  in  each  column.) 


Father  or 
male 

guardian 


Mother  or 
female 
guardian 


CD 


■CD 


CD 


Finished  high  school  or  equivalent (33 


CD 


Some  college  or  additional  schooling 
after  High  School  (for  example, 
computer  training,  business  or  trade 

schools) (33 j — i 

Finished  college  (four  years) 33 33 

Attended  graduate  or  professional  school 

(for  example,  law  or  medical  school)  ..  33 33 
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